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ADVERTISEMENT. 


The  scientific  publications  of  the  National  Museum  consist  of  two 
series — Proceedings  and  Bulletins. 

The  Proceedings,  the  first  volume  of  which  was  issued  in  1878,  are 
intended  primarily  as  a  medium  for  the  publication  of  original  papers 
based  on  the  collections  of  the  National  Museum,  setting  forth  newly 
acquired  facts  in  biology,  anthropology,  and  geology  derived  there- 
from, or  containing  descriptions  of  new  forms  and  revisions  of  limited 
groups.  A  volume  is  issued  annually  or  oftener  for  distribution  to 
Ubraries  and  scientific  establishments,  and,  in  view  of  the  importance 
of  the  more  prompt  dissemination  of  new  facts,  a  limited  edition  of 
each  paper  is  printed  in  pamphlet  form  in  advance.  The  dates  at 
which  these  separate  papers  are  published  are  recorded  in  the  table 
of  contents  of  the  volume. 

The  present  volume  is  the  forty-first  of  this  series. 

The  Bulletin,  pubUcation  of  which  was  begun  in  1875,  is  a  series  of 
more  elaborate  papers,  SsrfiTfed  scjpaijitel^,  Jtnd,  like  the  Proceedings, 
based  chiefly  on  the  collections*  of  t\i6  National  Museum. 

A  quarto  form  of/l^^'Biujlk{iA)*Jciio^m.as'tt^  "Special  Bulletin,'' 
has  been  adopted  in  a  few  instahcte'  In'  which  a  larger  page  was 
deemed  indispensable. 

Since  1902  the  volumes  of  the  series  known  as  "Contributions  from 
the  National  Herbarium,''  and  containing  papers  relating  to  the  botan- 
ical collections  of  the  Museum,  have  been  published  as  Bulletins. 

Richard  Rathbun, 
Assistant  Secretary,  Smithsonian  Institution, 

In  charge  of  the  United  Stales  National  Museum. 

Mat  20,  1912. 
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THE    STRUCTURE    AND    RELATIONSHIPS    OF    CERTAIN 
ELEUTHEROZOIC  PELMATOZOA. 


By  Edwin  Kirk, 
Of  the  United  States  Geological  Survey. 


INTRODUCTION. 

As  a  result  of  observations  covering  several  years  both  in  the 
laboratory  and  in  the  field,  it  has  become  increasingly  evident  that 
many  of  the  commonly  accepted  ideas  relative  to  the  habits  of  the 
Pelmatozoa  are  in  need  of  a  considerable  amount  of  revision.  I 
have  been  fortunate  in  having  the  extensive  collections  of  Mr.  Frank 
Springer  and  of  the  United  States  National  Museum  placed  at  my 
disposal  for  study,  and  the  observations  made  upon  this  material 
and  embodied  in  the  present  paper  go  far  toward  establishing  the 
conclusions  here  set  forth.  I  wish  here  to  express  my  thanks  to  Mr. 
Springer  and  to  Dr.  R.  S.  Bassler  for  the  many  favors  extended  to 
me  during  the  preparation  of  this  paper,  and  I  am  further  indebted 
to  Dr.  Bassler  for  help  received  in  the  preparation  of  a  number  of  the 
illustrations  here  used.  Mr.  Austin  Hobart  Clark,  of  the  United 
States  National  Museum,  has  reviewed  my  manuscript  and  has  very 
kindly  offered  a  number  of  valuable  suggestions.  Advantage  has 
been  taken  of  these  in  several  instances,  and  in  all  cases  are  accred- 
ited to  him  where  used.  i 

The  division  of  the  Echinoderma  into  two  grades,  Pelmatozoa 
and  Eleutherozoa,  clearly  reflects  the  common  concept  of  the 
Echinoderms  as  consisting  of  freely  moving  forms  on  the  one  hand 
and  statozoic  types  on  the  other.  As  a  matter  of  fact  no  sharp  line 
of  demarcation  may  be  drawn  on  the  basis  of  the  relative  freedom  of 
the  animals,  for  the  Pelmatozoa,  or  supposedly  statozoic  echino- 
derms, show  this  character  to  but  an  indifferent  degree.  It  is  prob- 
able indeed  that  we  may  hold  the  Edrioasteroidea  alone  as  con- 
sistently affixed  types. 

SYSTEMATIC  DISCUSSION. 

In  the  following  paper  an  attempt  ^s  made  to  bring  together  some 
of  the  more  important  points  relating  to  certain  Pelmatozoa  that  for 
a  part  of  their  lives  lead  a  free  or  semifree  existence.     Other  forms 
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thai*  have  no  jointed  column,  but  nevertheless  are  attached,  usually 

by  a  short  thick  stalk,  are  likewise  discussed.  These  Pelmatozoa  in 
a  way  are  to  be  regarded  as  intermediate  between  the  statozoic  and 
eleutherozoic  forms,  as  regards  their  mode  of  life,  and  may  be  dealt 
with  to  advantage  in  the  present  paper.  Material  throwing  not  a 
little  hght  on  certain  questions  concerning  these  various  types  has 
become  available  and  the  evidence  thus  afforded  may  prove  of  some 
interest. 

There  are  many  well-known  eleutherozoic  Pelmatozoa,  but  it  seems 
probable  that  the  assumption  of  a  free  or  semifree  existence  has 
been  far  more  prevalent  among  these  forms  than  is  generally  con- 
ceded. Aside  from  the  mere  enumeration  of  the  eleutherozoic  forms, 
a  discussion  of  the  structure  of  the  animals  is  given  in  so  far  as  this 
may  throw  light  on  thfeir  genetic  affinities.  In  some  cases  where  the 
observed  facts  seem  to  warrant  the  drawing  of  conclusions  in  regard 
to  the  derivation  and  relationships  of  a  certain  type,  this  has  been 
done.  The  assumption  of  an  eleutherozoic  existence  by  certain 
Pelmatozoa  is  of  interest  as  bearing  not  only  on  the  forms  affected, 
but  also  on  the  habits  of  the  Pelmatozoa  in  general.  For  this  reason 
the  influence  of  an  eleutherozoic  existence  on  the  distribution  and 
s^regation  of  the  Pelmatozoa  has  been  indicated  though  not  treated 
in  any  considerable  detail.  Finally,  a  general  though  brief  discus- 
sion of  the  maintenance  of  such  a  life  among  the  Pelmatozoa  in  its 
various  aspects  is  given. 

It  is  here  held  the  Echinodermata  as  we  now  know  them  are 
descended  primitively  from  an  eleutherozoic  stock.  The  eleuthero- 
zoic archetype  gave  rise  to  a  line  of  descendants  among  which  a 
sessile  habit  was  gradually  assumed.  This  form  of  Ufe  became 
deeply  ingrained  in  the  fiber  of  the  stock,  and  has  left  an  indefible 
impress  on  the  structure  of  the  organisms.  When  the  term  ''eleuthe- 
rozoic stock"  is  hereafter  used  the  primitive  organisms  that  had  not 
as  yet  acquired  a  sessile  habit  are  meant.  Similarly  by  ''statozoic 
or  sessile  stock"  we  designate  that  body  of  echinoderms  among 
which  a  fixed  mode  of  Hfe  was  primarily  assumed.  It  may  well  be 
that  absolute  fixation  did  not  obtain  in  all  the  phyletic  lines  of  the 
Echinodermata.  In  the  case  of  the  Holothurioidea  particularly  the 
evidence  is  highly  inconclusive. 

A  tendency  to  break  away  from  the  sessile  echinoderm  stock  and  to 
reassume  a  free  mode  of  life  is  to  be  observed  from  practically  the 
earhest  times  to  the  present.  Springing  from  the  early,  less  spe- 
ciaUzed  statozoic  echinoderms,  certain  of  these  aberrant  forms  estab- 
lished lines  that  have  been  perpetuated  as  the  great  classes  of  the 
Eleutherozoa.  It  is  not  within  the  scope  of  the  present  paper  to 
deal  with  these  large  groups  except  in  a  very  general  way.  In  later 
times,  as  offshoots  from  the  more  highly  specialized  Pelmatozoa,  the 
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eleutherozoic  types  appeared  sporadically,  founding,  as  a  rule,  short- 
lived lines  that  although  successful  in  a  small  way,  had  the  Pelma- 
tozoan  structure  too  deeply  impressed  upon  them  to  permit  of  any 
considerable  deviation  from  the  parent  stock. 

With  the  possible  exception  of  the  Holothurioidea,  we  may  hold,  I 
think,  that  such  eleutherozoic  echinoderms  as  are  known  to  us  have 
been  derived  from  statozoic  ancestors.  It  is  but  natural  that  upon 
the  acquisition  of  a  detached  or  semidetached  form  of  hfe  changes 
should  begin  to  appear  in  the  structure  of  the  organism.  If  given 
sufficient  time,  these  changes  so  deeply  affect  the  structure  of  the 
animal  that  it  is  a  very  difficult  matter  accurately  to  establish  lines 
of  descent.  This  is  true  to  a  far  greater  extent  than  among  those 
forms  that  remain  attached.  Among  the  latter  evolution  of  adult 
characters  is  largely  orthogenetic  in  its  tendencies,  and  it  is  possible 
to  reconstruct  the  ancestral  forms  as  well  as  predict  the  types  to 
come  with  a  fair  degree  of  certainty.  In  the  case  of  the  eleutherozoic 
forms,  however,  we  have  «ne  newly  acquired  set  of  tendencies  super- 
imposed upon  another  set.  These  secondary  tendencies,  induced  as 
they  are  by  a  form  of  life  widely  at  varience  with  that  under  which 
the  first  set  operated,  tend  to  vitiate  the  force  of  many  of  the  primary 
tendencies,  if  not  indeed  to  nullify  some  of  them.  In  addition  certain 
of  these  newly  acquired  tendencies  initiate  structural  changes  which 
diveige  widely  in  their  nature  from  the  given  line  of  evolution,  and 
are  of  such  a  type  as  largely  to  mask  and  render  unintelligible  the 
characters  that  go  to  help  in  determining  the  genetic  affinities  of  the 
animal.  Such  being  the  case,  one's  efforts  to  establish  relationships 
among  these  aberrant  forms  are  apt  to  be  unsatisfactory  at  besjb.  In 
many  cases,  however,  the  eleutherozoic  Pelmatozoa  stand  so  near 
the  points  of  inception  of  their  several  lines  that  the  problem  is  not 
greatly  complicated  by  the  presence  of  altered  or  superimposed 
structures. 

DIVISIONS  OP  THE  PELMATOZOA. 

The  Pelmatozoa  to  be  discussed  may  be  divided  into  three  main 
groups: 

I.  Those  forms  retaining  jointed  columns  throughout  life,  but  not 
using  them  for  permanent  attachment. 

II.  Those  forms  which  at  some  stage  of  development  permanently 
lose  all  or  the  greater  part  of  their  columns,  becoming  truly  eleu- 
therozoic. 

in.  Those  forms  that  are  permanently  attached  by  means  of  a 
base  of  varying  composition  as  regards  the  constituent  elements. 
No  true  jointed  column  is  present.  The  members  of  this  group  I 
shall  here  style  pedunculate  forms,  for  convenience  of  reference. 
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This  grouping,  as  well  as  other  classifications  employed  throughout 
the  paper,  is  a  purely  artificial  and  arbitrary  one.  The  intention  is 
merely  to  bring  such  forms  together  as  show  a  certain  similarity  in 
structure,  and  thus  aid  in  simplifying  the  discussion  of  the  modifica- 
tions exhibited  by  different  types. 

As  might  be  expected,  one  genus  may  contain  species  that  fall 
under  two  different  groups,  as,  for  instance,  Edriocrinus,  certain  spe- 
cies of  which  belong  to  Group  II  and  others  to  Group  HI.  Even  a 
single  species  may  have  representatives  referable  to  two  different 
groups.  Thus  certain  specimens  of  MiUericrinus  prattii  may  be 
referred  to  Group  I,  while  by  definition  other  individuals  fall  in 
Group  II. 

Group  I. 

The  group  comprising  those  forms  that  do  not  become  detached 
from  their  columns,  and  yet,  during  a  portion  of  their  lives  at  least, 
are  capable  of  more  or  less  free  movement,  is  a  very  large  one.  As 
a  matter  of  fact,  it  is  probable  that  the  greater  part  of  the  Pelma- 
tozoa,  with  the  exception  of  the  Edrioasteroidea  and  those  forms  here 
included  in  Group  II,  are  safely  referable  to  this  assemblage.  This 
is  a  sweeping  statement,  but  one  thoroughly  justified,  I  believe,  by 
the  evidence  at  hand.  In  referring  to  an  eleutherozoic  period  during 
the  lives  of  the  Pelmatozoa,  one  is  meant  subsequent  to  the  free- 
swimming  larval  stage,  and  after  the  formation  of  a  colunm.  In 
most  cases,  perhaps,  this  period  of  detachment  from  the  bottom 
came  at  a  comparatively  early  stage  in  the  ontogeny  of  the  animals, 
and  was  followed  by  the  reattachment  of  the  organisms.  Frequently, 
however,  the  animals  retained  their  freedom  throughout  life.  Again, 
it  is  probable  that  in  the  lifetime  of  some  forms  at  least  there  were 
several  alternating  periods  of  attachment  and  freedom.  In  the  case 
of  some  of  the  Cystidea,  it  is  possible  that  the  animals  were  never 
firmly  aflBxed  at  any  stage  in  their  development.  In  the  discussion 
of  this  group  the  Cystidea  wiQ  be  dealt  with  first,  to  be  followed  in 
turn  by  the  Blastoidea  and  Crinoidea. 

CYSTIDEA  OF  GROUP  I. 

It  is  probable  that  a  large  proportion  of  the  Cystidea  led  a  free  or 
semifree  form  of  existence.  Many  were  undoubtedly  capable  of 
active  movement,  while  others,  attached  or  unattached  at  will,  were 
comparatively  passive.  It  is  but  natural  that  eleutherozoic  forms 
should  be  more  abundant  among  the  Cystidea  than  among  the 
Crinoidea  or  Blastoidea,  for  they  more  nearly  approximate  to  the 
eleutherozoic  archetype  of  all  the  Echinoderma.  With  the  Cystidea, 
then,  in  some  cases,  the  eleutherozoic  forms  may  be  considered  in  the 
light  of  organisms  which  had  not  yet  attained  true  pelmatozoan 
fixation.     In  other  lines  fixation,  though  acquired,  was  such  a  novel 
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character  and  became  so  irregularly  effective  that  the  return  to  a 
purely  eleutherozoic  habit  was  a  comparatively  simple  matter.  In 
the  case  of  the  Blastoidea  and  Crinoidea,  however,  the  free  forms 
represent  aberrant  types  which  have  reverted  to  this  type  of  exists 
ence  after  a  considerable  period  of  perfected  fixation. 

Divisions  of  the  Oystidea  of  Oroup  L — ^The  eleutherozoic  Cystidea 
may  be  divided  into  three  "types"  or  subgroups  for  the  purpose  of 
convenience: 

1.  This  type  is  reserved  for  certain  Cystidea  which  did  not  have 
true  columns,  but  when  attached  at  all,  were  cemented  to  the  bottom 
by  an  outgrowth  from  the  body  wall.  It  seems  possible  from  the 
evidence  at  hand  that  certain  of  these  forms  were  free-swimming  or 
floating  organisms,  at  least  during  a  portion  of  their  lives. 

2.  In  this  type  are  placed  those  Cystidea  provided  with  a  pre- 
hensile column  which  attached  themselves  at  will,  probably  not  by 
cementation,  but  rather  by  looping  the  distal  portion  of  the  stem 
about  some  fixed  object. 

There  is  a  group  of  Crinoidea  directly  comparable  with  these  forms. 

3.  This  type  includes  those  Cystidea  which  propelled  themselves 
along  the  bottom,  making  use  of  their  brachioles  and  possibly  their 
columns  as  organs  of  locomotion. 

CYSTIDEA,  TYPE  1. 

In  this  group  are  chiefly  to  be  found  those  primitive,  many-plated 
Cystidea  which  had  not  yet  evolved  a  column  for  purposes  of  attach- 
ment. These  are  the  forms  that  in  this  regard  represent  the  con- 
necting link  between  the  eleutherozoic  echinoderm  ancestor  and  the 
Pelmatozoac  With  them  fixation  was  a  novelty,  and  in  many  of  the 
more  primitive  types,  no  doubt,  was  irregularly  acquired  in  the 
different  lines.  In  some  cases  a  very  rudimentary  stem  seems  to  have 
been  present,  but  the  possession  of  such  an  organ  appears  to  have  been 
an  indifferent  character  at  best.  The  stem  apparently  might  be 
absent  or  not,  within  the  limits  of  a  single  species,  and  when  present 
probably  functioned  in  the  same  way  as  the  stem  in  those  genera 
referred  to  Group  HI. 

The  genera  referred  by  Bather  to  the  families  Aristocystid»  and 
Echinosphseridee  may  all  provisionally  be  placed  in  this  group. 
Permanent  attachment  by  cementation  to  the  bottom  undoubtedly 
occurred  in  many  forms,  at  least  in  the  adult  stages,  and  as  noted 
above,  rudimentary  stems  are  occasionally  present.  In  many  cases, 
however,  it  seems  probable  that  the  period  of  fixation,  if  there  were 
such,  was  of  but  short  duration  and  irregular  occurrence. 

Echinosphsera. — ^The  genus  Echinosphsera  may  be  taken  as  charac- 
teristic of  the  group.  The  conclusions  to  be  drawn  from  the  evidence 
afforded  by  this  genus  may  be  held  to  apply  with  greater  or  less  force 
to  the  other  forms  here  referred.     Echinosphaera  aurarUium,  Plate  1, 
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figure  11,  has  a  subglobose  theca  composed  of  a  great  number  of 
irregular,  polygonal  plates.  These  plates  are  remarkably  thin,  and, 
considering  the  size  of  the  animal,  the  skeletal  structure  must  have 
been  exceptionally  light.  In  a  Russian  specimen  of  average  size  the 
plates  measured  but  0.25  mm.  in  thickness.  Even  this  does  not  rep- 
resent solid  stereom,  as  the  substance  of  the  plates  is  traversed  by 
innumerable  series  of  radiating  tubes.  The  brachial  appendages  were 
no  doubt  comparatively  slender  and  weak. 

In  the  aboral  portion  of  the  theca  there  is  usually  a  slight  projection, 
which  when  present  doubtless  served  as  a  point  of  attachment  for  the 
organism.  This  protuberance  is  apparently  an  evagination  of  the 
body  wall  and  seems  to  be  restricted  to  no  closely  circumscribed  area 
as  to  location,  other  than  that  it  is  near  the  aboral  pole.  So  far  as  the 
descriptions  of  the  species  are  concerned,  this  projection  seems  to  be 
constantly  present  in  European  specimens.  In  the  American  forms, 
which  are  apparently  specifically  identical  with  the  European,  the 
protuberance  is  apparently  wanting  at  times,  but  a  cicatrix  marks  its 
former  location.  There  are  signs  of  resorption  and  secondary  depo- 
sition of  stereom,  indicating  that  although  attached  at  one  time  the 
^nimalq  had  subsequently  become  free. 

Even  when  present,  this  projection,  because  of  its  relatively  insig- 
nificant size,  seems  quite  inadequate  as  a  support  for  an  adult  animal. 
So  far  as  I  have  been  able  to  see  in  the  specimens  I  have  examined  the 
distal  end  of  the  projection  shows  no  signs  of  attachment  such  as  one 
would  expect  to  find  were  the  animals  cemented  to  the  bottom  at  the 
time  of  tieir  death.  Rather,  the  free  end  seems  irregularly  broken, 
but  not  exhibiting  in  many  cases  the  clearly  defined  angles  of  a  fresh 
fracture.  Furthermore  there  is  no  considerable  thickening  of  the 
plates  of  the  pedicle  as  preserved  and  no  obUteration  of  sutures, 
features  that  are  usually  characteristic  of  that  portion  of  a  Pelma- 
tozoan  lying  in  inmaediate  proximity  to  the  point  of  cementation. 

Again,  if  the  adult  cystids  were  attached  by  means  of  such  a  short 
pillar,  it  seems  probable  that  the  area  inmiediately  surrounding  the 
point  of  attachment  would  be  more  or  less  in  contact  with  the  bottom 
and  would  show  signs  of  such  apposition.  This  is  especially  to  be 
looked  for  in  cases  where  the  point  of  attachment  is  asymmetrically 
located  at  some  distance  from  the  aboral  pole  as  in  Plate  1,  figure 
11.  No  signs  of  abrasion  or  contact  modifications  are  to  be  noted, 
however. 

In  other  many-plated  Cystidea  that  were  unquestionably  affixed 
to  the  bottom  in  their  adult  stages  evident  signs  of  attachment  are 
to  be  observed.  An  examination  of  the  figures  of  AristocystiSy 
Fungocystis,  and  Oraierina  as  given  by  Barrande  clearly  shows  the 
effect  of  such  cementation.  In  Aristocystis  loTiemicus,  Plate  1, 
figures  1,  2,  the  animal  is  cemented  to  a  gastropod  shell  which  it  has 
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almost  completely  grown  over.  It  is  to  be  noted  that  the  area 
immediately  surrounding,  the  point  of  attachment  is  smooth  and  of 
quite  different  appearance  than  the  remainder  of  the  theca.  Again 
in  the  case  of  figures  7,  8,  which  represents  the  base  of  another  speci- 
men of  the  same  species^  as  well  as  in  figures  9,  10,  where  the  theca 
was  turned  at  somewhat  of  an  angle  to  the  plane  of  the  area  of  attach- 
ment;  it  may  be  seen  that  one  side  of  the  theca,  which  apparently 
grew  in  contact  with  some  object,  is  quite  smooth.  In  all  these  gen- 
era mentioned,  the  area  of  attachment  is  lai^e  and  well  defined. 

It  may  be  argued  that  EchinospJisera  has  a  column  of  sufficient 
length  to  raise  the  theca  above  the  bottom  and  thus  preclude  the 
possibility  of  contact  phenomena  and  other  features  to  be  observed 
in  the  genera  cited  above.  This  argument  is  inadmissable,  how- 
ever, on  various  grounds.  In  the  first  place  the  sometimes  extremely 
excentric  location  of  the  fragment  retained  would  not  permit  of  such 
support.  Again  the  extremely  small  size  of  the  pedicle  compared  to 
that  of  the  theca  makes  such  an  hypothesis  quite  untenable. 

Were  a  column  to  have  been  acquired  by  certain  forms  of  EcMrv- 
09jlhsera  it  could  not  have  approached  that  possessed  by  Arachnocystia 
in  degree  of  specialization.  These  columns,  as  figured  by  Barrande 
in  the  case  of  Araehnocystia  infaustuSj  were  never  of  any  considerable 
length,  and  apparently  were  never  attached  permanently  to  the 
bottom. 

I  think  that  one  is  justified  in  concluding  that  fixation  did  not 
obtain  in  the  adult  stages  of  EchinospJisera,  at  least  in  the  majority  of 
individuals.  It  seems  probable  that  at  some  comparatively  young 
stage  in  the  lives  of  the  animals  fixation  by  cementation  took  place. 
Subsequently  the  cystids  became  detached.  Occasionally  fixation 
may  have  persisted  throughout  life. 

In  connection  with  this  apparent  lack  of  consistent  fixation  in  the 
case  of  Echinosphsera  must  be  considered  the  enormous  range  of  the 
genus.  Originally  described  from  the  Baltic  region,  Echinosphsera 
has  been  found  throughout  the  United  States  from  the  Appalachians 
to  the  Rocky  Mountains.  Notwithstanding  its  great  horizontal 
range,  its  vertical  range  is  very  small,  at  least  in  the  United  States, 
where  it  is  restricted  to  a  weU-defined  zone.  Moreover,  as  mentioned 
above,  the  American  species  is  probably  specifically  identical  with 
the  Baltic.  Echinosphsera  a/wra/ntium  then  has  quite  as  great  a  range 
as  Dinta>crimLS  sodalis.  Such  wide  distribution  argues  for  a  pelagic 
habit,  but  one  hesitates  to  apply  this  explanation  to  Echinosphsera. 

One  may  conceive  perhaps  that  Echinosphsera  might  have  been  a 
floating  organism.  The  extremely  thin  plates  and  consequent  light- 
ness of  the  animal  might  weU  indicate  adaptation  to  such  a  form  of 
life.  The  globose  theca  Ukewise  points  in  the  same  direction.  The 
specific  gravity  of  certain  Echinoderms  is  at  no  time  so  very  much 
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greater  than  that  of  the  Burrounding  medium.  A  decrease  in  the 
weight  of  the  animal,  by  a  reduction  of  the  amount  of  calcareous 
matter  to  the  minimum,  and  perhaps  an  increase  in  the  buoyancy  of 
the  organism,  by  an  inconsiderable  accumulation  of  gas  within  the 
body  would  serve  to  reverse  conditions.  Movement  of  the  brachial 
appendages,  however  sUght,  would  aid  in  sustaining  the  animal. 

If  Echinosphasra  were  indeed  a  floating  organism,  it  could  have  been 
transported  these  great  distances  by  current  action.  Certainly  one 
would  not  expect  the  comparatively  weak  brachioles  to  perform  very 
great  service  as  organs  of  locomotion.  Nor  could  the  transportation 
of  the  larvae  alone  account  for  the  wide  dispersal  of  the  species.  If 
we  attribute  such  powers  of  dispersal  to  the  larvse  of  Echinosphdera, 
how  may  we  well  deny  them  to  the  young  of  closely  related  types? 
It  scarcely  seems  probable,  though  of  course  it  is  possible,  that  this 
one  genus  should  at  that  time  have  had  larvse  capable  of  such  wide- 
spread dissemination.  No  other  cystids  apparently  have  the  range 
of  EchinospJissra,  as  no  doubt  they  would  have,  were  larval  distri- 
bution the  only  factor.  Furthermore,  the  fact  that  the  projection 
by  which  the  animal  was  at  one  time  attached  is,  in  the  adult  speci- 
mens, generally  obscure  and  at  times  obsolete  is  positive  evidence  in 
favor  of  a  detached  existence.  That,  subsequent  to  its  detachment, 
the  animal  did  not  remain  passive  is  evidenced  by  the  character 
of  the  plates,  which  show  no  signs  of  the  theca  having  rested  upon 
the  bottom.  It  is  possible  that  EchinospTisera  may  have  crawled 
on  the  bottom  by  means  of  its  brachioles,  but  this  is  doubtful,  to 
say  the  least.  The  evident  slendemess  of  the  br^hioles  and  their 
probable  lack  of  specialization  indicate  that  they  were  not  fitted  to 
function  as  ambulatory  organs. 

Detachment  in  other  many-plated  Cystidea. — ^As  we  have  seen,  cer- 
tain specimens  of  Aristocystis,  Fungocystis  and  Oraierina  show  clear 
evidence  of  attachment  to  extraneous  objects.  Such  an  attachment 
was  not  of  universal  occurrence,  however,  as  an  examination  of  Bar- 
rande's  (1887)  figures  plainly  shows.  Prom  the  evidence  afforded 
by  these  figures  one  may  postulate  detachment  of  the  organism,  after 
a  period  of  fixation.  Some  of  the  figures  indicate  that  fixation  may 
never  have  become  effective,  but  one  hesitates  to  draw  such  extreme 
conclusions. 

As  has  been  indicated  above,  a  marked  localized  smoothing  of  the 
plates  and  a  complete  covering  of  all  pore  structure  may  be  noted 
wherever  definite  fixation  obtains.  On  the  other  hand,  the  presence 
of  pores  opening  outward  may,  I  think,  be  held  as  indicating  that 
those  plates  bearing  such  pores  were  not  in  contact  with  some  ex- 
traneous object.  It  is  held  by  Barrande  and  Bather  that  the  open- 
ings of  these  canals  to  the  exterior  were  covered.  Bather  describes 
this  covering  as  probably  a  hard  epidermis,  but  not  a  truly  calcified 
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epistereom.  The  functions  of  such  canals,  were  they  covered  either 
by  a  calcified  layer  or  by  a  hard,  impermeable  epidermis  would  prob- 
ably at  once  be  destroyed.  It  seems  probable  that  the  exterior  of 
the  theca  was  covered  by  an  integument  of  some  sort,  but  of  such  a 
nature  as  to  render  possible  commtmication  between  the  canals  and 
the  surrounding  medium. 

Be  this  as  it  may,  it  is  apparent  that  a  covering  of  these  pores  by  a 
secondary  deposition  of  stereom  may  be  looked  for  at  the  point  of 
attachment  of  the  cystid  or  in  any  portion  of  the  theca  that  may  have 
been  in  contact  with  some  foreign  substance.  Hence,  where  we  find 
canals  opening  freely  to  the  exterior  we  may  be  sure  that  at  that 
point  the  cystid  was  not  attached  at  the  time  of  its  death.  It  is  con- 
ceivable that  pores  once  closed  by  a  calcified  layer  might  after  the 
detachment  of  the  organism  be  reopened  by  a  resorption  of  the  cov- 
ering substance,  and  so  we  may  explain  certain  cases  described  here- 
after. Bearing  these  facts  in  mind,  it  is  interesting  closely  to  examine 
the  figures  of  Aristocystis  as  given  by  Barrande.  Some  of  the  more 
instructive  figures  are  here  reproduced  on  Plate  1. 

AristocysHs. — ^Figures  1  and  7  undoubtedly  indicate  cementation 
and  show  the  normal  effects  of  such  attachment.  Figures  6,  6,  9, 
and  10  as  well  as  other  specimens  figured  by  Barrande  illustrate  a 
modification  of  structure  however.  It  is  obvious  from  the  flattened 
area  at  the  base  of  the  theca  that  the  animal  was  at  one  time  attached. 
From  the  size  of  the  region  of  contact  one  may  judge  that  the  speci- 
men was  affixed  until  a  late  stage  in  its  development.  Subsequently, 
it  probably  became  detached.  That  we  are  justified  in  assuming 
such  to  have  been  the  case  seems  to  be  shown  by  the  structure  of  the 
base.  The  plates  show  no  signs  of  secondary  stereom,  such  as  would 
be  deposited  in  case  of  cementation,  and  the  pores  are  open.  Again, 
the  impress  of  the  object  to  which  the  cystid  was  attached  is  not 
clearly  defined,  as  it  would  be  were  the  animal  to  have  been  attached 
at  the  time  of  its  death,  or  for  some  time  preceding. 

Figures  5,  6  represent  a  case  in  which  attachment  was  doubtless 
had  at  an  early  stage  in  the  ontogeny  of  the  animal.  Subsequently 
an  eleutherozoic  habit  seems  to  have  been  maintained,  lliere  is 
no  basal  impress  or  flattening  to  indicate  that  the  cystid  was  at  any 
time  affixed  to  the  bottom,  but  a  slight  asymmetry  and  the  presence 
of  a  definite  apical  plate  point  to  this  conclusion. 

Under  the  name  AristoeystUesf  avhcylindricue,  which  he  gives  as  a 
variety  of  A.  hohemicuSj  Barrande  figures  a  number  of  specimens 
which  seem  in  no  case  to  have  been  affixed.  Barrande  noted  the 
uniform  absence  of  basal  depressions  and  wrote  as  follows  regarding 
the  material  in  the  explanation  of  Plate  13: 

Les  divens  sp^imens,  que  nous  avous  figure  sous  ce  nom,  semblent  se  distinguer, 
d'abord  par  leur  fonne  aUong^e,  airondie  au  bout,  et  ensuite  par  la  dispositioii  dee 
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plaquettes,  qui  constituent  leur  extr^mit6  inf^rieure.  Celle-ci  ne  pr^aente  point  la 
cavit6  simulant  une  ouverture,  que  nous  avons  figur6e  en  divera  specimens  sur  la 
PI.  12,  et  qui  appartiennent  au  tyi>e:  Arigtoc.  Bohemicus. 

It  is  to  be  noted  in  the  case  of  these  specimens  that  there  is  no  basal 
depressed  area,  no  marked  asymmetry  of  the  theca,  and  the  plates 
all  show  clearly  defined  diplopores.  Furthermore,  the  central  apical 
plate  is  sometimes  wanting,  and  when  present  is  frequently  fused  to 
one  of  the  circumjacent  plates  of  the  proximal  ring.  The  plates  are 
tumid,  and  fiixation  may  only  be  predicated  at  a  very  remote  stage 
in  the  ontogeny  of  the  animals.  Aristocysds  desiratus  figured  by 
Barrande  on  Plate  20,  figures  1  and  2,  indicates  a  very  similar  condi- 
tion of  affairs. 

Oraterina. — ^In  the  case  of  Oraterina  evidence  of  non-attachment 
similar  in  all  respects  to  that  just  given  respecting  AristocysHs  might 
be  adduced,  although  as  a  rule  fixation  seems  to  have  been  maintained 
until  a  relatively  later  stage  in  development.  In  a  number  of  in- 
stances the  pit  indicating  the  former  area  of  attachment  has  tubercles 
over  the  siuface  which  obviously  could  not  have  been  present  at  the 
time  of  fixation,  and  must  consequently  have  been  formed  subsequent 
to  the  detachment  of  the  animals. 

Pyrocystis. — Pyrocystis  likewise  furnishes  conclusive  evidence  that 
in  its  adult  stage  fixation  was  but  irregularly  effective.  A  specimen 
of  Pyrocystis  pirum  figured  by  Barrande  (PL  29,  II,  figs.  23,  and  24) 
shows  no  signs  of  having  been  cemented  to  the  bottom.  The  base  of 
the  theca  is  rounded;  there  is  no  impressed  area,  and  the  entire  sur- 
face is  quite  strongly  tubercular.  The  assumption  of  freedom  by  this 
type  is  somewhat  remarkable  in  that  the  general  form  of  the  theca 
indicates  a  fairly  well  established  statozoic  habit.  The  marked  con- 
striction of  the  lower  portion  of  the  theca  which  is  the  precursor  of  a 
differentiated  pedicle  or  colunm,  and  the  symmetrical  arrangement 
of  the  food  grooves  point  most  strongly  to  this  conclusion. 

Orocystis. — ^The  placing  of  Orocystis  in  this  group  rests  upon  some- 
what uncertain  evidence.  In  a  view  of  the  basal  portion  of  a  speci- 
men given  by  Barrande  (PL  7,  fig.  15)  there  is  no  sign  of  a  point  of 
attachment.  Barrande  points  out  this  fact,  but  says  "nous  croyons 
reconnattre  sa  place."  Without  an  examination  of  the  specimen 
itself  it  is  impossible  to  determine  the  status  of  the  form.  The  chances 
are,  however,  that  if  the  point  of  fixation  were  so  inconspicuous  as 
not  to  be  indicated  in  the  figure,  we  are  safe  in  assigning  Orocystis 
hdrnhacJceri  to  the  eleutherozoic  Cystidea.  Fixation  if  effective  in 
such  a  form,  at  least  in  the  adult  stage,  would  leave  an  unmistakable 
impress  on  the  structure  of  the  organism.  Considering  the  remark- 
ably fine  preservation  of  the  material,  any  evidence  of  fixation  should 
be  at  once  apparent. 
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It  is  not  necessary,  I  think,  to  cite  further  cases  of  freedom  in 
adult  stages  among  these  primitive  types.  A  sufficient  number  of 
instances  have  been  given  clearly  to  indicate  that  an  eleutherozoic 
habit  was  largely  maintained  among  these  many-plated,  early  Cys- 
tidea.  It  may  no  doubt  be  safely  assumed  that  this  form  of  life  may 
be  postulated  for  many  such  organisms.  It  may  well  be  that  in  some 
instances  fixation  was  effective  throughout  the  life  of  the  animals,  but 
it  is  probable  that  these  form  exceptions  to  the  rule. 

It  is  evident  that  the  members  of  this  subgroup  do  not  exactly  fall 
within  the  limits  of  Group  I  as  defined.  There  is  no  column  unless 
one  considers  that  such  be  potentially  present.  It  is  in  this  sense 
that  the  forms  were  classified  as  they  are  here  found.  They  could  not 
be  listed  with  Group  II  where  the  column  had  been  differentiated  and 
subsequently  lost,  nop  well  with  Group  III;  and  it  did  not  seem  best 
to  create  a  new  group  for  their  reception. 

This  subgroup  is  of  great  interest  as  containing  the  first  variants 
from  an  attached  existence.  As  has  been  elsewhere  noted,  the 
assumption  of  an  eleutherozoic  existence  by  these  forms  is  less  in  the 
nature  of  an  abandonment  of  a  statozoic  habit  as  an  imperfect 
acquirement  of  such  a  form  of  life.  For  this  reason  these  types  may 
be  held  as  truly  intermediate  between  the  primitive'  eleutherozoic 
stock  and  the  primitive  statozoic  forms.  It  by  no  means  follows 
th^t  these  genera  are  the  actual  progenitors  of  the  more  typical 
Pelmatozoa,  but  nevertheless  they  indicate  the  stages  through  which 
such  ancestral  types  may  have  passed. 

These  forms  are  likewise  of  great  interest  as  showing  that  even 
when  the  tendency  toward  a  statozoic  existence  had  its  inception,  a 
time  the  tendency  should  be  perhaps  in  greatest  force,  reversion  to  an 
eleutherozoic  habit  should  have  obtained.  This  shows  how  vitally 
the  eleutherozoic  habit  had  impressed  itself  upon  the  pelmatozoan 
stock.  It  is  not  surprising  therefore  that  in  the  later  forms,  when  the 
force  of  this  tendency  toward  fixation  should  have  somewhat  spent 
its  strength,  that  the  assumption  of  a  free  existence  should  have 
become  almost  universally  effective. 

It  is  somewhat  difficult  to  determine  what  form  of  life  must  have 
been  led  by  the  Cystidea  referred  to  this  subgroup.  As  has  been 
shown  in  the  cases  cited  above,  there  is  apparently  no  indication  of 
the  animals  having  rested  upon  or  in  contact  with  any  extraneous 
object.  Such  being  the  case  we  must  postulate  an  existence  of 
such  a  nature  as  to  render  the  organisms  quite  free  from  contact 
with  the  bottom,  or  else  to  admit  of  free  motion  along  the  bottom 
as  among  the  bottom-crawling  Holothurians. 

As  has  been  argued  above  in  the  case  of  Echinosphasra,  it  seems 
quite  possible  that  this  form  at  least  was  freely  floating.  It  may  be 
that  in  such  a  case  the  brachial  appendages,  feeble  though  they  are, 
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might  be  of  considerable  assistance  in  determining  slight  movement. 
Many  of  the  other  forms  referred  to  this  group,  from  the  considerable 
weight  of  their  thecal  plates  and  the  generally  cumbrous  aspect  of  the 
body,  seem  not  to  be  equally  well  fitted  for  a  pelagic  habitat,  how- 
ever. On  the  other  hand,  it  is  impossible  to  ascribe  a  sessile  form  of 
life  to  these  oi^amsms  for  the  reasons  given  above. 

If  a  free  swimming  existence  be  barred  in  such  cases  we  have  the 
alternative  of  comparatively  free  motion  upon  the  sea  bottom.  Owing 
to  the  rather  feeble  nature  of  the  brachial  appendages  one  may  not 
consider  them  as  capable  of  functioning  to  any  considerable  extent 
as  ambulatory  appendages.  In  some  cases,  as  in  ProtocrinuSy  where 
pseudo-ambulacra  are  well  developed  there  is  a  possibility  of  struc^ 
tures  comparable  in  a  degree  to  the  podia  of  the  Echinoidea  having 
been  present.  Even  in  the  case  of  the  Diploporita  where  numerous 
vertical  canals  perforate  the  thecal  walls,  it  is  perhaps  not  inconceiv- 
able that  organs  of  a  similar  function  may  have  been  present.  The 
diplopores  themselves  in  certain  cases  may  have  harbored  such 
specialized  organs.  This  hypothesis  is  not  as  improbable  as  it  may 
sound  at  first.  We  know  that  in  the  earliest  echinoids  such  as  Boihn 
riocidaris,  podia  or  organs  of  similar  function  must  have  been  present. 
Such  a  form  we  may  only  conceive  to  have  been  derived  from  a  line 
of  these  many-plated  cystids.  The  chances  are,  therefore,  that  podia 
should  be  represented  in  these  ancestral  forms  by  similar  or  equiva- 
lent organs.  Certain  it  is  that  we  must  postulate  organs  of  locomotion 
of  some  sort  in  the  very  early  conmion  eleutherozoic  ancestor  of  the 
Echinoderma.  Lacking  brachial  appendages  what  could  be  more 
natural  than  that  some  such  sort  of  ambulatory  organs  should  have 
been  present  ?  Upon  the  assumption  of  a  purely  statozoic  existence 
by  certain  lines  of  this  primitive  stock,  such  organs  would  in  time 
become  eliminated  through  disuse. 

There  is  an  interesting  structural  feature  which  is  apparently  inti- 
mately associated  with  the  assumption  of  a  statozoic  existence  by 
these  many-plated  cystids.  This  is  the  presence  of  a  definite  central 
apical  plate.  It  is  needless  to  more  than  mention  the  lengthy  dis- 
cussion that  has  been  carried  on  in  regard  to  the  origin  and  homol- 
ogies of  such  a  plate.  Its  significance  in  this  particular  group  of 
organisms  alone  will  be  discussed  at  this  tin^. 

It  is  to  be  noted  in  the  case  of  aH  figures  of  the  bases  of  these  cystids 
where  the  sutures  of  the  plates  are  visible,  that  there  is  a  well-defined 
apical  plate  surrounded  by  a  ring  composed  of  a  variable  number  of 
plates.  This  apical  plate  seems  in  all  cases  to  be  the  center  of  the 
area  of  attachrnent.  One  may  infer  that  attachment  was  had  pri- 
marily by  means  of  this  plate  alone.  Whether  this  plate  represents  a 
definite  skeletal  element  of  any  morphological  significance  is  a  ques- 
tion difficult  of  solution.    I  believe  it  does  not. 
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Fixation  may  have  become  effective  so  early  in  the  ontogeny  of 
such  cystids  as  to  have  preceded  the  formation  of  a  definite  skeletal 
structure.  If  such  were  the  case  attachment  would  take  place  at 
the  aboral  pole  irrespective  of  plate  orientation.  Under  such  cir- 
cumstances it  is  obvious  that  at  the  point  of  fixation  a  plate  would  be 
formed,  and  that  the  circumjacent  plates  would  of  necessity  assume 
a  somewhat  definite  arrangement.  Even  had  fixation  occurred  sub- 
sequent to  the  formation  of  definite  skeletal  elements,  it  is  apparent 
that  the  point  of  cementation  must  have  been  a  plate,  and  that  this 
plate  must  necessarily  be  located  somewhere  near  the  aboral  pole. 
Subsequent  to  the  attachment  of  the  animal,  a  readjustment  of  the 
plates  of  the  basal  portion  of  the  theca  must  have  taken  place,  which 
would  give  the  proximal  ring  as  we  find  it.  The  apparently  variable 
location  of  the  point  of  fixation  seems  to  preclude  the  possibility  of 
cementation  constantly  taking  place  through  the  agency  of  a  definite 
plate. 

According  to  this  hypothesis  then,  the  formation  of  the  central 
apical  plate  is  a  secondary  matter  and  entirely  dependent  upon  the 
fixation  of  the  animal.  It  may  well  be  that  in  the  phylogeny  of  the 
Pelmatozoa  this  plate  might  acquire  a  certain  fixed  status  and  be  peiv 
petuated  as  a  definite  element,  perhaps  homologous  to  the  terminal 
ossicle  of  the  pentacrinoid  stem  of  Ardedon. 

CYSTIDEA,  TYPE  2. 

This  group,  as  opposed  to  the  preceding,  consists  of  Cystidea  which 
have  well-developed  columns.  It  is  probable  that  all  of  the  forms 
here  referred  were  freely  moving  organisms,  during  the  greater  part 
of  their  lives  at  least.  Some  maintained  an  erect  position,  while  in 
the  case  of  other  forms  we  note  a  tendency  toward  the  assumption 
of  a  prostrate  habit.  This  tendency  becomes  more  marked  and 
reaches  its  maximum  development  among^those  forms  referred  to 
the  next  subgroup.  The  column  in  all  cases  probably  functioned 
merely  as  an  organ  for  temporary  attachment.  Attachment  in  this 
group  was  apparently  never  by  means  of  radicular  cirri,  and  seldom  by 
cementation.  In  the  majority  of  cases  the  distal  portion  of  the 
column  seems  to  have  been  more  or  less  prehensile  and  it  is  probable 
that  anchorage  was  effected  by  looping  this  portion  of  the  stem  about 
some  stationary  object.  In  all  those  forms  the  entire  stem  appears 
to  have  been  quite  flexible. 

Structure  of  stem  in  type  2. — ^The  columns  possessed  by  such  Cys- 
tidea, with  the  exception  of  the  most  primitive  types,  are  essentisJly 
similar  in  structure.  The  columnals  are  circular  and  are  of  large 
size  next  the  theca.  Distad  the  diameter  of  the  column  decreases 
rapidly.  After  a  certain  point,  where  the  stem  is  comparatively 
slender,  the  column  continues  to  taper,  but  at  a  greatly  diminished 
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rate.  Measurements  of  the  stem  of  a  PleurocystUes  Jilitextus  will 
illustrate  these  features  admirably.  The  specimen  is  an  unusually 
large  one,  and  the  stem  as  preserved  measures  70  mm.  in  length. 
Probably  not  more  than  5  or  10  mm.  of  the  stem  is  wanting.  Pos- 
sibly the  column  is  essentially  complete. 

The  proximal  colunmal  measures  6.1  mm.  in  diameter  and  the  most 
distal  colunmal  preserved  1.2  mm.  The  stem  tapers  most  rapidly 
in  the  first  16  mm.  where  it -decreases  from  6.,1  to  4  mm.  in  diameter. 
Distad  from  this  point  the  rate  of  decrease  is  lower  and  compara- 
tively uniform.  The  proximal  16  mm.  of  the  stem  consists  of  short 
sharply  annulated  columnals.  Distad  there  is  a  gradual  transition 
from  the  short  ossicles  to  comparatively  long  subcylindrical  colum- 
nals. These  soon  reach  their  maximum  length  which  in  this  species 
is  2  mm.  Continuing,  the  ossicles  rapidly  become  smaller  and 
smaller,  their  length  in  some  instances  being  a  trifle  greater  than 
their  breadth. 

The  proximal,  rapidly  tapering  portion  of  the  columns  in  these 
forms  has  a  remarkably  laige  central  perforation.  This  seems  to  be 
less  in  the  nature  of  an  axial  canal  than  a  cavity  for  the  reception  of 
a  portion  of  the  visceral  mass.  Again,  it  may  well  be  that  this  cavity 
lodged  the  musculature  which  largely  controlled  the  movement  of  the 
colunm.  If  we  assume  the  degree  of  movement  that  seems  to  be 
indicated  by  the  structure  of  the  columns  of  these  forms,  we  must 
assume  a  corresponding  high  development  of  muscles  to  bring  about 
such  movement.  Such  a  musculature  could  not  be  contained  within 
the  narrow  confines  of  the  average  axial  canal.  As  a  result  of  the 
large  size  of  the  perforation,  the  walls  are  thin  and  this  portion  of 
the  stem  is  frequently  found  considerably  flattened.  A  feature 
which  is  not  specially  noticeable  in  Pleurocystis  but  which  is  strik- 
ingly shown  by  Cheirocrinus  is  the  mode  of  articulation  of  the  colum- 
nals in  this  portion  of  the  stem.  The  arrangement  is  such  that 
great  freedom  of  motion  is  possible. 

Type  of  life  led. — ^As  indicated  above,  some  of  the  members  of  this 
group  maintained  an  erect  position,  while  others  were  prostrate. 
The  second  type  was  probably  derived  from  the  first,  and  represents 
a  divergent  off  shoot  comparable  in  mode  of  life  to  Type  3  among  the 
Cystidea,  and  such  a  form  as  Eleutherocrinus  among  the  Blastoidea. 
There  is  apparently  no  parallel  case  among  the  Crinoidea.  It  is  to 
be  expected  that  the  different  genera  referred  to  one  of  these  divi- 
sions will  partake  to  a  greater  or  less  extent  of  the  nature  of  the  other. 
A  typical  prostrate  cystid  is  Pleurocystis  while  Glyptocystis  may  be 
chosen  as  an  example  of  the  other  division. 

Detachinentarriong  the  erect,  stalked  Cystidea. — ^The  evidence  afforded 
by  the  erect  types  as  to  the  maintenance  of  an  eleutherozoic  habit  is 
as  a  rule  inconclusive,  but  yet  convincing.    It  is  probable  that  a 
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veiy  large  proportion  of  the  stalked  Cystidea  not  included  in  Type 
8  or  not  otherwise  disposed  of  in  the  present  group  may  be  held  as 
erect,  detached  forms.  Among  the  more  primitive  Cystidea,  particu- 
larly, it  seems  highly  probable  that  permanent  fixation  was  of  com- 
paratively rare  occurrence.  It  is  among  these  more  simple  types 
particularly  that  we  are  able  conclusively  to  prove  nonfixation,  for 
here  we  have  complete  columns  more  frequently  preserved.  Among 
the  later  and  more  specialized  cystids  the  structure  of  the  column 
and  its  marked  flexibility,  which  is  frequently  made  more  apparent 
through  a  looping  of  its  distal  portion,  indicates  anything  but  adap- 
tation to  a  purely  statozoic  form  of  life.  Wherever  the  type  of 
column  heretofore  described  as  generally  typical  of  the  greater  num- 
ber of  forms  referable  to  this  group  is  found,  I  think  we  may  be  safe 
in  assuming  an  eleutherozoic  habit. 

Arachnocysiis. — ^The  most  primitive  type  that  may  be  assigned  to 
this  subgroup  is  Atucbriocystis,  a  genus  with  the  highly  interesting 
EchinospTiSdrites  infaustus  of  Barrande  as  the  genotype.  In  this 
form  we  have  one  of  the  most  rudimentary  columns  known  among 
the  Pelmatozoa.  In  other  genera  we  have  evagination  of  the  body 
wall  and  marked  constriction  of  the  basal  portion  of  the  theca,  but 
here  is  to  be  found  the  simplest  column  that  may  be  called  such  with 
justice.  In  Arachnocystia  we  find  that  the  colimm  has  been  differ- 
entiated to  the  extent  of  being  composed  of  a  regular  vertical  series 
of  imbricating  plates  therein  differing  from  a  mere  evagination  of  the 
thecal  wall.  Figures  5,  6,  Plate  2,  give  a  fair  notion  of  the  structure 
of  the  column.  From  the  figures  given,  there  appear  to  be  five  rows 
of  plates,  but  according  to  Barrande  (1887,  p.  28)  there  may  be  five 
or  six  ranges.  The  colimm  is  in  most  cases  of  marked  brevity,  none 
figured  exceeding  a  length  of  50  nmi.  There  is  in  no  case  where  the 
distal  extremity  is  preserved  any  indication  of  attachment  by  the 
organism. 

The  column  of  Arachnocystis  must  have  differed  fimctionally  as 
well  as  structurally  from  that  of  the  more  speciaUzed  members  of  this 
group.  Although  mobile  to  a  certain  extent,  the  colimm  of  Arach- 
nocystis  was  not  sufficiently  slender  nor  properly  constructed  to 
function  as  a  prehensile  organ.  Subsequent  to  the  assumption  of  an 
eleutherozoic  habit,  which  obtained  during  the  adult  stages  of  the 
animals,  such  a  column  could  not  have  been  other  than  a  hindrance. 
The  sole  service  it  could  render  the  cystid  would  be  as  a  sort  of  ballast. 
Considering  the  relative  insignificance  of  the  column  compared  with 
the  bulk  of  the  theca,  this  function  must  have  been  of  inconsiderable 
consequence. 

It  is  evident  that  this  genus  has  been  derived  from  a  type  not 
greatly  dissimilar  to  Echinosphsera.  The  slight  protuberance  to  be 
noted  in  that  genus  has,  however,  been  considerably  accentuated. 
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It  seems  probable  that  in  these  forms  attachment  was  had  in  the 
yomig  stages  by  a  central  apical  plate.  Continued  fixation  eventually 
caused  a  considerable  constriction  of  the  lower  portion  of  the  theca 
even  though  attachment  did  not  continue  throughout  the  individual 
lives  of  the  animals.  This  condition  of  affairs  has  already  been  noted 
in  the  case  of  Pyrocystis  pirum.  A  continuation  of  the  process  would 
eventually  result  in  a  definite  orientation  of  the  plates  comprising 
the  pedicle,  and  a  further  differentiation  of  this  portion  of  the  animal. 

In  Arachnocystis  is  to  be  noted  a  very  considerable  development 
of  the  brachioles.  These  are  fairly  stout,  and  apparently  have  a 
length  of  at  least  twice  that  of  the  theca.  They  are  biserial,  and 
either  two  or  three  are  borne  by  an  individual.  Taking  into  account 
the  probable  buoyancy  of  the  animal,  it  is  not  inconceivable  that 
these  brachioles  might  have  constituted  fairly  effective  swimming 
organs. 

The  high  interest  that  such  a  form  holds  is  due  in  no  small  part 
to  the  continued  activity  of  a  tendency  in  modifying  an  animal,  even 
though  the  conditions  of  life  for  which  the  modifications  are  fitted 
are  but  imperfectly  and  irregularly  effective.  A  more  extended 
discussion  of  this  topic  will  be  given  in  a  subsequent  portion  of  the 
paper. 

Ascocystis. — ^In  the  remarkable  genus  Ascoq/stis,  we  have  indubi- 
table evidence  of  the  nonattachment  of  the  organism. '  The  column 
is  extremely  short,  being  but  a  fraction  of  the  length  of  the  theca. 
It  tapers  rapidly  and  apparently  ends  in  a  point.  There  is  absolutely 
no  evidence  of  fixation.  This  genus  is  equipped  with  a  large  number 
of  brachial  appendages  which  completely  encircle  the  distal  portion 
of  the  theca.  It  seems  quite  reasonable  to  expect  that  with  its  con- 
siderable development  of  brachioles  the  genus  may  have  been  well 
adapted  to  a  free-swimming  existence. 

MdcrocysteUa. — ^Among  the  earliest  of  the  forms  referable  to  this 
group,  though  by  no  means  the  most  simple,  is  the  curious  genus 
MdcrocysteUa  which  might  better  perhaps  be  described  as  a  tricyclic 
crinoid  than  as  a  cystid.  Figure  7,  Plate  2,  copied  from  Bather  gives 
a  reconstruction  of  this  remarkable  Upper  Cambrian  genus.  As 
may  be  seen,  the  distal  portion  of  the  column  is  quite  slender,  and  it 
seems  probable  that  it  was  used  to  loop  about  some  stationary  object. 
The  characters  of  the  stem  agree  in  all  essential  respects  with  those 
given  as  typical  of  the  majority  of  the  members  of  this  group. 

In  connection  with  the  eleutherozoic  habit  of  this  type  is  to  be 
noted  the  total  absence  of  a  column  in  the  case  of  Lichenoides,  a  genus 
probably  closely  allied  to  MacrocysteUa,  and  referred  to  the  same 
family  by  Bather. 

GlyptocysHs. — In  the  case  of  Gflyptocystis  a  detached  existence  is 
predicated  largely  on  the  basis  of  the  colunm  structure.    It  is  to  be 
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noted  that  this  is  one  of  the  few  genera  to  which  an  eleutherozoic 
habit  has  been  ascribed  by  former  writers.  The  column  is  of  the 
type  given  as  characterisitic  of  the  members  of  this  group,  and  there 
is  no  evidence  of  fixation.  In  addition  to  the  figures  given  in  various 
publications  I  have  personally  examined  and  collected  a  considerable 
number  of  beautifully  preserved  specimens  referable  to  this  genus, 
and  in  no  case  have  found  any  evidence  of  a  terminal  plate  or  other 
structural  modification  for  purposes  of  attachment.  The  column  is 
in  many  instances  remarkably  short,  scarcely  exceeding  the  length 
of  the  theca.  Probably  in  no  case  was  it  of  more  than  twice  the 
length  of  the  theca.  It  tapers  quite  rapidly,  and  gives  evidence  of 
having  been  imusually  flexible. 

In  Glyptocystis  the  negative  evidence  of  the  lack  of  special  adapta- 
tion to  a  prostrate  mode  of  life  points  strongly  to  the  conclusion  that 
in  this  genus  an  erect  position  was  constantly  maintained.  This  fact 
argues  against  the  derivation  of  Gflyptocystis  from  Cheirocn/mis  as 
has  been  suggested  by  Jaekel,  inasmuch  as  in  the  latter  genus  are 
to  be  noted  marked  modifications  pointing  to  the  assumption  of  a 
prostrate  habit. 

Lepadocrirms. — The  genus  Lepadocrinus  with  its  curious  column  is 
worthy  of  special  mention  in  connection  with  this  group.  In  this 
genus  a  considerable  number  of  the  distal  columnals  are  fused  to 
form  an  elongate  subcylindrical  body.  (PI.  6,  figs.  6,  7.)  There  are 
no  signs  of  cirri,  and  the  distal  end  of  the  column  is  smoothly  rounded 
oflf .  Subsequent  to  the  fusion  of  the  columnals  there  was  a  secondary 
deposition  of  stereom,  causing  a  marked  enlargement  of  this  portion 
of  the  column.  The  resemblance  of  this  fused  portion,  barring  the 
lack  of  modified  cirri,  to  ^'Ancyrocrinus^'  is  worthy  of  note.  It 
seems  quite  possible  that  in  this  instance,  as  in  the  case  of  the  crinoid, 
the  fused  appendage  served  as  ballast  or  as  a  drag.  It  may  be  that 
the  distal  portion  of  the  column  in  Lepadocrinus  was  buried  in  soft 
mud,  but  if  such  were  the  case  fixation  must  have  been  of  a  most 
precarious  sort.  Attachment  by  cementation  apparently  never 
took  place.  It  is  of  particular  interest  to  note  an  eleutherozoic  habit 
in  the  case  of  LepadocrirmSy  inasmuch  as  this  was  the  last  known 
representative  of  the  erect,  stalked  Cystidea. 

Evidence  of  a  prostrate  Twhit  in  type  2, — In  many  of  the  genera  prob- 
ably referable  to  this  group  we  know  little  or  nothing  regarding 
the  structure  of  the  column.  Owing  to  this  fact  we  may  not  with 
certainty  ascribe  an  eleutherozoic  habit  to  them.  It  is  not  until  we 
come  to  treat  of  those  forms  in  which  the  modifications  incident 
to  the  assumption  of  a  prostrate  existence  become  manifest  that  we 
may  safely  postulate  a  free  existence  from  the  evidence  afforded  by 
the  theca  alone.  These  changes  are,  if  well  developed,  unmistakable 
and  of  necessity  infaUibly  point  to  a  detached  existence. 
94428*'— Proc.N.M.vol.41-.ll 2 


Digitized  by 


Google     


18  PROCEEDINGS  OF  THE  NATIONAL  MUSEUM,  vol.  41. 

The  more  obvious  features  to  be  noted  are:  The  acquisition  of  a 
marked  asymmetry,  the  theca  being  differentiated  into  an  upper  and 
a  lower  surface;  the  localization  of  pore-rhombs  on  one  (the  upper) 
surface;  the  atrophy  of  certain  food  grooves;  and  finally  the  shifting 
of  the  anal  opening  to  the  extreme  proximal  portion  of  the  theca. 
These  features  may  be  present  in  varying  degrees,  and  are  usually 
accompanied  by  characterisitic  minor  phenomena.  It  is  to  be  noted 
that  these  modifications  are  even  more  characteristic  of  those  forms 
constituting  type  3.  There,  however,  the  same  results  are  often 
attained  by  different  methods. 

Dendrocystis. — In  Dendrocystis  we  have  a  very  primitive  type 
which  may  well  be  referred  to  the  prostrate  division  of  this  group. 
A  close  comparison  of  the  figures  given  by  Barrande  shows  that  we 
may  differentiate  between  an  upper  and  lower  surface  of  the  theca. 
Moreover,  the  anal  aperture  has  been  carried  well  backward,  and  is 
situated  in  the  extreme  proximal  portion  of  the  theca. 

But  a  single  brachiole  is  borne  by  the  animal.  This  is  remarkably 
stout,  and  doubtless  served  in  the  propulsion  of  the  animal.  It  has 
been  considered  by  Barrande  and  others  that  this  organ  is  a  closed 
tube.  Bather,  on  the  other  hand,  beheves  that  a  ventral  groove  was 
present,  which  is  as  a  rule  closed  by  the  apposition  of  the  lateral  rows 
of  plates  forming  the  brachiole.  It  seems  highly  probable  that  the 
latter  view  is  correct. 

The  theca  of  Dendrocystis  is  composed  of  a  great  number  of  irregu- 
larly arranged  plates.  Nevertheless  it  seems  possible  to  distinguish 
an  upper  and  lower  surface.  Barrande's  figures  indicate  rather 
diverse  structural  conditions,  which  may  be  due  to  actual  variation 
within  the  species,  or,  what  seems  fairly  probable,  to  the  fact  that 
there  are  two  species  represented.  For  this  reason  and  because  of 
^  the  fact  that  I  have  been  able  to  examine  but  indifferent  original 
material,  I  am  unwilling  to  draw  other  than  tentative  conclusions  in 
regard  to  the  form. 

The  column  in  its  proximal  portion  is  made  up  of  a  great  number 
of  irregularly  arranged  plates.  Distad  the  plates  become  lai^er,  and 
a  more  definite  arrangement  is  to  be  noted.  The  greater  part  of 
the  column  is  slender  and  composed  of  a  double  series  of  elongate, 
alternating  plates.  This  arratigement  indicates  a  considerable  de- 
gree of  flexibility.  Such  a  column  could  not  have  been  effective 
other  than  as  an  organ  by  which  temporary  attachment  might  be 
had  through  the  looping  of  its  distal  portion  about  some  stationary 
object. 

Before  discussing  the  typical  prostrate  form  Pleurocystis,  attention 
should  be  called  to  a  few  genera  that  show  a  more  or  less  clearly 
defined  tendency  toward  the  assumption  of  such  a  form  of  existence. 
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Such  types  are  Erinocysfisj  Amygdahcystis,  and  Cheirocrinus.  All 
these  cystids  may  be  held  as  eleutherozoic  forms,  and  the  further 
assumption  of  a  partially  perfected  prostrate  habit  rests  largely  on 
the  evidence  of  such  structural  modifications  as  have  hitherto  been 
cited  as  characterizing  such  a  form  of  life. 

Amygddloeystis. — Amygddlocystis  has  an  unusually  short  and  feeble 
colunm  which  generaUy  gives  evidence  of  having  been  looped.  The 
probable  proximal  ancestor  of  the  genus,  which  is  as  yet  unde- 
scribed,  is  a  subcylindrical  form  with  three  food  grooves.  The 
flattening  of  the  theca  and  the  atrophy  of  one  of  the  food  grooves, 
as  well  as  the  nature  of  the  colunm,  seem  to  point  to  the  assumption 
of  a  prostrate  form  of  life.  One  has  difficulty  in  explaining  such  a 
compression  of  the  theca  on  any  other  basis.  A  spherical  or  sub- 
cylindrical  type,  if  an  erect  position  be  constantly  maintained,  wiU 
tend, to  give  rise  to  a  line  in  which  the  radial  symmetry  is  made 
more  and  more  perfect.  The  almost  equal  convexity  of  the  two 
sides,  as  shown  in  Amygddlocystis  and  PlcUycyatis,  would  seem  to 
indicate  at  least  that  the  animal  did  not  constantly  rest  on  one 
side,  even  were  a  prostrate  condition  maintained. 

Erinocystis. — ^This  tendency  toward  the  assumption  of  a  prostrate 
condition  is  quite  marked  in  the  small  group  to  which  Jaekel  has 
given  the  name  Erinocysiis.  This  genus  was  short-lived  and  appar- 
ently left  no  descendants.  Erinocystis  illustrates  modifications 
which  are  of  considerable  interest  in  that  they  differ  in  a  marked 
degree  from  those  to  be  observed  in  the  other  types  to  be  discussed. 

In  such  a  form  as  Erinocystis  voTborthi,  Plate  2,  figure  3,  a  marked 
asynmietry  is  to  be  noted.  One  side  of  the  theca  is  decidedly  flat- 
tened. The  lower  flattened  side  of  the  theca  is  well  shown  in  figure 
8,  Plate  2,  which  illustrates  a  closely  allied  type,  Echinoencrinus 
angulo8U8.  The  anal  opening  has  been  carried  outward  and  back- 
ward to  a  marked  degree  and  is  situated  at  the  end  of  an  extraor- 
dinary projection  of  the  theca  formed  by  the  hypertrophy  of  certain 
of  the  calycal  plates.  This  lateral  backward  extension  of  the  thecal 
plates  is  especially  to  be  noted  in  the  case  of  Erinocystis  angvJata. 
The  column,  as  may  be  seen  in  Plate  2,  figures  3,  8,  is  of  the  general 
type  characteristic  of  the  group  as  a  whole. 

Ch^irocrinus. — In  the  genus  Cheirocrinus  we  find  imperfectly 
developed  the  same  general  modification  to  bring  about  a  flat- 
tening of  one  surface  of  the  animal  that  is  to  be  noted  in  Pleuro- 
cystis.  This  flattening,  instead  of  being  acquired  through  the  read- 
justment and  modification  of  plates  already  present  in  the  theca, 
is  obtained  through  the  excessive  multiplication  of  circum-anal 
plates.  If  this  multiplication  of  plates  be  continued,  it  is  obvious 
that  one  side  of  the  theca  will  in  time  largely  be  composed  of  such 


Digitized  by 


Google 


20  PROCEEDINGS  OF  THE  NATIONAL  MUSEUM.  vol.41. 

plates.  Such  is  the  case  in  PUurocyatis,  where  the  definite  skeletal 
elements  are  restricted  mainly  to  the  upper  surface  and  extend  below 
as  a  rule  only  as  marginals. 

In  Cheirocrinus  this  process  has  not  been  carried  so  far,  but  in 
such  a  form  as  Cheirocrirms  penniger  (PL  2,  figs.  1,  2)  it  is  to  be 
noted  that  there  is  an  appreciable  flattening  of  the  theca  and  a 
remarkable  enlargement  of  the  circum-anal  area.  Scoliocystis  seems 
to  show  an  intermediate  stage  in  the  evolution  of  this  type  of  struc- 
ture, comparable  in  degree  with  that  shown  by  Cheirocrinus  vxH- 
cotti. 

Pleurocystis. — Pleurocystis  undoubtedly  led  an  eleutherozoic  exist- 
ence, and  one,  as  elsewhere  suggested,  quite  at  variance  in  certain 
respects  with  that  to  be  found  in  the  case  of  most  of  the  detached 
Pelmatozoa.  All  the  structural  evidence  afforded  by  the  genus 
points  clearly  to  the  assumption  by  the  form  of  a  purely  prostrate 
habit.  For  this  type  of  life  Pleurocystis  is  only  excelled  in  the  per- 
fection of  its  adaptation  by  the  members  of  the  next  subgroup, 
which  doubtless  represent  the  constant  assumption  of  this  sort  of 
existence  for  a  long  period  of  time. 

An  examination  of  specimens  of  Pleurocystis,  or  even  of  figures, 
such  as  figure  4,  Plate  2,  and  figure  3,  Plate  3,  will  clearly  show  the 
extent  of  these  modifications.  The  marked  asymmetry  of  the  genus 
which  can  only  be  accounted  for  on  the  basis  of  the  assumption  of  a 
prostrate  habit,  is  a  most  peculiar  and  striking  feature.  One  notes 
the  extreme  flattening  of  the  anal  (ventral)  side  and  the  strong  con- 
vexity of  the  antanal  side;  the  atrophy  of  all  but  two  of  the  food 
grooves;  the  location  of  all  the  pectini-rhombs  on  the  dorsal  convex 
side;  the  extreme  posterior  location  of  the  anal  opening;  the  fact  that 
the  column  is  constantly  coiled  in  the  same  plane  as  that  of  the  flat- 
tened theca;  and  other  characteristic  features.  All  these  facts  point 
to  the  same  conclusion. 

A  free  or  semifree  type  of  existence  could  be  of  little  benefit  to  an 
animal  were  it  not  for  the  possession  of  organs  of  locomotion.  Possi- 
bly the  brachioles  of  Pleurocystis  might  have  been  used  in  somewhat 
the  same  manner  as  the  flagellse  of  certain  Protozoa.  By  a  lashing 
or  rowing  motion  of  these  organs  it  is  quite  conceivable  that  locomo- 
tion might  have  been  effected.  The  brachioles  are  too  long,  slender, 
and  flexible  to  function  as  ambulatory  appendages,  but  they  may 
have  caught  the  bottom  laterally  and  in  this  way  have  served  as 
organs  of  propulsion.  The  column  in  this  group  probably  in  no  case 
helped  give  impetus  to  the  animal's  movements  as  seems  to  have 
been  the  case  in  the  next  subgroup. 

The  column  of  Pleurocystis  is  comparatively  short  and  quite  stout 
in  the  proximal  portion.  Distally  it  tapers  rapidly  imtil  it  becomes 
remarkably  slender,  Plate  3,  figiu-e  3.    The  distal  two  inches  or  so  of 
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the  colunm  are,  in  all  cases  that  have  come  under  my  observation, 
somewhat  coiled.  In  two  or  three  specimens  that  I  have  examined 
there  could  scarcely  have  been  more  than  half  an  inch  of  the  distal 
portion  of  the  columns  lacking.  Possibly  the  stems  were  complete. 
In  no  case  was  there  the  shghtest  trace  of  rootlets,  and  no  evidence  of 
a  distal  basal  expansion  such  as  is  common  among  the  Crinoidea. 
The  evidence  seems  to  point  to  the  conclusion  that  Pleurocystis  was 
never  firmly  rooted  to  any  one  spot  but  anchored  itself  by  hooking 
the  tenuous  distal  portion  of  its  stem  about  some  extraneous  object. 

The  analysis  of  the  theca  and  the  figures  of  Pleurocystis  as  given  by 
Jaekel  and  Bather  are  inaccurate  in  several  important  features. 
Plates  1  and  4  as  given  by  them  should  be  split  vertically  and  por- 
tions united  with  2  and  3.  Plate  13  is  not  present  in  the  cup,  the 
apophyses  of  Plates  12  and  14  uniting  without  the  intervention  of 
another  plate.  This  plate  was  present  in  very  primitive  types  but 
was  crowded  out  subsequently.  A  full  discussion  of  this  subject  will 
be  given  in  a  paper  which  treats  in  detail  of  the  Plem^ocystidae.  In  the 
present  paper  it  was  thought  best  rather  to  illustrate  an  actual  speci- 
men than  to  give  a  reconstruction.  It  will  be  noted  that  the  structure 
of  the  colmnn  is  quite  different  from  that  given  by  either  Bather  or 
Jaekel. 

The  marked  asynmietry  of  Pleurocystis  is  imquestionably  secondary. 
What  the  ancestral  erect  cystid  was  Uke  is  an  interesting  question. 
Bather,  in  Lankester,  derives  Pleurocystis  from  Chdrocrinus  and 
places  both  genera  in  the  subfamily  Glyptocystidae.  I  am  personally 
inclined  to  derive  Pleurocystis  from  a  form  having  essentially  the 
structure  of  EcMnoencrinus.  This  gepus  is  not  the  ancestor  of  Pleuro- 
cystis,  but  both  were  probably  derived  from  a  common  ancestor  not 
far  removed. 

CYSTIDEA,  TYPE  3. 

We  have  here  probably  the  most  aberrant  type  of  evolution  to  be 
found  among  the  Echinoderma,  and  one  which  in  the  nature  of  things, 
one  would  least  expect.  To  find  among  the  Pehnatozoa  a  group  of 
organisms  that  are  perhaps  more  highly  specialized  for  purposes  of 
locomotion  than  a  large  proportion  of  the  Eleutherozoa  is  a  novel 
experience.  So  unlike  Echinoderms  are  they  in  certain  respects  that 
some  of  them  have  been  described  as  Crustacea,  which  indeed  they 
closely  simulate.  The  members  of  this  group  moved  actively  over 
the  bottom,  using  both  column  and  '^brachioles,"  when  present,  as 
oi^ans  of  locomotion.  In  this  regard,  they  may  be  looked  upon  as 
going  a  step  beyond  that  reached  by  type  2,  and  are  closely  com- 
parable to  Eleuiherocrinus.  The  departure  from  the  beaten  path 
seems  to  have  been  quite  successful,  for  these  types  range  from  the 
Cambrian  to  the  very  latest  cystid  appearance  in  the  Devonian 
(Oriskany). 
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There  is  a  general  unity  of  structure  among  these  forms  that 
strongly  argues  for  a  monophyletic  origin  of  the  group.  In  all,  the 
theca  is  flattened  on  one  side  and  more  or  less  highly  arched  on 
the  other.  The  theca  is  elongate  and  comparatively  narrow.  The 
stem  is  laige  in  the  proximal  portion  and  tapers  rapidly  distad.  It 
is  short  and  composed  of  a  double  row  of  curiously  imbricating 
ossicles  Plate  3,  figures  1,  6,  6 — a  feature  which  gives  the  column 
great  flexibiUty.  The  brachioles  when  present  are  two  in  niunber 
and  comparatively  slender,  reminding  one  strongly  of  the  jointed 
appendages  of  the  Crustacea.  No  pore-rhombs  are  present.  A  more 
detailed  description  of  the  structural  features  which  characterize  the 
group  will  be  found  under  the  discussion  of  the  different  genera. 

In  the  discussion  of  this  subgroup  a  somewhat  unusual  treatment 
will  be  accorded  the  forms.  Owing  to  the  remarkable  modifications 
exhibited  by  the  members  of  the  group  and  the  evidence  of  their 
having  Uved  quite  differently  from  the  majority  of  the  cystids,  it  has 
been  thought  best  to  treat  of  the  best  known  and  more  specialized 
forms  first.  Anomalocystis  as  representing  the  terminal  member  of 
a  highly  specialized  line,  necessarily  possesses  the  most  striking 
adaptations  to  the  form  of  life  which  had  been  assumed  by  the  group 
as  a  whole.  For  this  reason  it  is  possible  to  predicate  with  a  fair 
degree  of  certainty  the  habits  of  the  animal.  Whatever  type  of  life 
obtained  in  the  case  of  Anomalocystis  we  may  be  fairly  sure  was 
possessed  to  a  certain  degree  by  the  other  forms  referred  to  the  group. 
Furthermore,  by  taking  the  most  complex  form  first,  we  may  note 
its  modifications  and  trace  more  or  less  perfectly  the  steps  by  which 
they  were  brought  about. 

Anomalocystis. — ^The  genus  Anx/malocysds  was  founded  by  Hall 
(1859,  p.  132)  with  the  Helderbei^an  cystid  A.  comutus  as  genotype. 
In  the  same  volume  he  refers  another  species  disparUis,  from  the 
Oriskany,  to  the  genus.  As  a  matter  of  fact  the  generic  description 
as  given  by  Hall  is  based  upon  both  species.  Bather  in  Lankaster, 
refers  comutus  doubtfully  to  AteleocystiSy  Billings,  and  disparilis  to 
Placocystis.  Were  Anmnalocystis  and  Atdeocystis  proved  to  be  the 
same,  it  is  doubtful  which  name  should  hold.  According  to  the  date 
of  publication,  it  seems  that  Atdeocystis  had  precedence.  Billings 
himself,  however,  in  describing  the  genus  (1868,  p.  72)  says:  "Should 
it  be  ascertained  hereafter  that  the  two  genera  are  identical,  this 
species  must  be  referred  to  Anomalocystis,  which  has  the  precedence." 
In  this  case.  Hall  had  sent  out  advance  sheets  containing  a  description 
of  the  genus,  which  antedated  Billings's  pubUcation.  If  these  advance 
sheets  are  to  be  recognized,  the  date  of  AnomxdocysHs  must  be  shifted 
back  a  year  or  more. 

It  may  be  held,  I  think,  that  A.  cormUus  and  A.  disparilis  are 
congeneric.    Indeed  there  is  no  good  reason  why  the  later  type 
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should  not  have  been  a  lineal  descendant  of  the  earlier  Helderbergian 
form.  I  have  examined  a  very  considerable  series  of  both  species 
and  although  as  a  rule  the  specimens  of  A.  comutua  are  in  an  unsatis- 
factory state  of  preservation  I  feel  that  this  is  a  safe  assumption. 
Furthermore  it  may  be,  as  is  held  by  Bather,  that  disparUis  and  the 
forms  referred  to  Placocystis  are  congeneric.  I  personally  feel  that 
this  is  not  the  case,  there  being  sujBBicient  difference  in  the  arrange- 
ment of  the  plates  to  warrant  a  generic  distinction  being  made.  A. 
ecmutu8f  on  the  other  hand,  I  feel  quite  certain  is  distinct  from 
Atdeocystis.  If  this  be  the  case  and  if  comvivs  and  disparUis  be 
congeneric  Placocystis  must  of  necessity  fall  into  synonymy  with 
Anomalocystis  providing  Bather's  stand  be  well  taken. 

The  following  description  is  taken  mainly  from  A.  disparUis  of 
which  figures  are  given  on  Plate  3,  figures  9  to  11.  Anomalocystis 
has  an  elongate  theca  highly  arched  on  one  side,  and  flattened- 
concave  on  the  opposite  side.  The  distal  portion  of  the  body  is  less 
highly  arched  and  broader  than  the  proximal.  Lying  on  the  flat 
side,  without  any  appendages,  the  whole  body  slants  downward 
toward  the  distal  end. 

It  is  to  be  noted  that  lying  in  its  natural  position,  the  greater 
portion  of  the  lower  side  does  not  come  in  contact  with  the  surface 
upon  which  the  theca  rests.  Rather  the  body  rests  upon  the  down- 
ward produced  edges  of  the  theca,  which  act  as  runners.  In  Placo- 
cystis, Plate  3,  figures  1,  2,  an  interesting  variation  is  to  be  noted. 
Here  the  body  is  raised  above  the  bottom  by  means  of  a  central, 
longitudinal  keel,  which  passes  well  forward  from  the  base  of  the 
theca.  There  are  apparently  no .  lateral  produced  edges.  These 
runners  are  of  obvious  advantage  in  minimizing  the  amount  of 
friction  to  be  overcome  by  the  animal  in  pushing  along  over  the  sea 
bottom.  It  is  to  be  noted  in  the  case  of  Anomalocystis  that  the  lateral 
keels  are  most  strongly  developed  in  the  posterior  portion  of  the 
theca,  and  it  is  largely  due  to  them  that  the  body  is  given  the  forward 
tilt  that  is  so  noticeable  when  a  specimen  is  laid  upon  a  flat  surface. 

The  anterior  (distal)  portion  of  the  theca  presents  structural  fea- 
tures not  paralleled  in  any  other  group  of  the  Cystidea.  The  body 
terminates  rather  abruptly,  and  in  the  face  thus  formed  there  is  to 
be  found  an  elongate  opening.  This,  opening  is  oblong,  with  the  long 
axis  parallel  to  the  flattened  base  of  the  theca.  The  opening  is  but 
a  trifle  less  than  one-half  the  breadth  of  the  anterior  end,  and  is 
approximately  twice  as  broad  as  high.  It  seems  possible,  as  will  be 
subsequently  pointed  out,  that  this  terminal  aperture  harbored  both 
the  mouth  and  anal  opening.  The  margin  of  the  theca  below  the 
mouth  projects  somewhat  forward,  this  projection  being  largely 
formed  by  a  median  plate  on  the  bottom  of  the  theca.  This  plate 
is  better  developed  and  possibly  was  of  great  importance  to  the 
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organisms  among  the  older  representatives  of  the  Anomalocystidse. 
In  the  dorsal  surface  of  the  theca  the  margin  projects  but  slightly 
over  the  terminal  aperture.  In  some  cases  it  is  practically  flush  with 
the  opening.  Laterally  the  margin  is  considerably  extended,  forming 
an  appreciable  overhang.  This  invagination  of  the  margin  for  the 
length  of  the  aperture  is  quite  marked. 

There  is  a  very  interesting  structure  coimected  with  the  thecal 
opening  that  has  apparency  not  hitherto  been  observed.  This  is  a 
sort  of  trapdoor  or  flap  that  depends  from  the  upper  margin  of  the 
opening.  The  composition  of  this  flap  may  not  be  determined  with 
certainty.-  In  two  specimens  where  preserved  it  is  somewhat  raised, 
and  projects  beyond  the  margin  of  the  theca.  It  maintains  its  shape, 
which  is  that  of  the  aperture,  perfectly.  This  fact  and  other  evidence 
relative  to  the  hinging  of  the  structure  woidd  make  it  appear  that  we 
have  to  deal  with  a  solid  plate.  This  may  have  been  formed  by  the 
fusion  of  a  number  of  small  plates,  however. 

It  is  evident  that  the  function  of  this  plate  was  to  close  the  terminal 
aperture.  On  the  lower  surface  of  the  plate  and  running  longitudi- 
nally across  it  near  the  outer  margin,  is  a  pronounced  ridge.  When 
the  plate  is  dropped  this  ridge  rests  on  the  inner  floor  of  the  opening. 
The  portion  of  the  plate  anterior  to  the  ridge  fits  over  the  lower  mar- 
gin of  the  theca,  and  the  opening  is  tightly  closed.  The  invagination 
of  the  margin  above  the  opening  seems  not  to  be  without  a  reason, 
for  if  the  margin  projected  uniformly  across  the  anterior  end  it  would 
be  impossible  for  this  plate  to  be  completely  raised. 

The  mechanics  of  the  operation  of  this  plate  are  comparatively 
simple.  A  specimen  from  which  .the  dorsal  surface  has  largely  been 
removed  shows  the  interior  of  the  distal  portion  of  the  theca  quite 
clearly.  On  either  side  of  the  opening  is  a  process  which  extends  to 
the  top  of  the  aperture.  On  these  processes  the  plate  was  no  doubt 
hinged.  On  the  floor  of  the  theca  are  two  deep  longitudinal  pits. 
These  probably  served  as  the  points  of  attachment  for  the  muscles 
that  raised  and  lowered  the  plate. 

The  lateral  appendages  of  Placocystis  and  Anomalocystis  are  a 
pecuUar  and  special  modification.  By  Haeckel  (1896,  p.  40)  they 
have  been  restored  in  the  case  of  Placocystis  as  true  brachioles. 
Bather  (1900)  considers  that  such  an  appendage  ''may  have  served 
as  an  arm,  i.  e.,  as  the  bearer  of  a  tentaculate  extension  of  the  water 
system,  and  of  a  ciliated  path  to  the  mouth."  So  far  as  may  be 
observed,  these  appendages  show  no  signs  of  being  jointed,  and  in 
the  case  of  PlacocystiSy  on  the  authority  of  Bather,  may  reach  a  length 
of  two-thirds  that  of  the  theca.  In  Anomdbcystis  the  appendages 
seem  to  have  been  considerably  shorter.  The  spines,  as  Bather  styles 
them,  are  somewhat  curiously  articulated  at  the  distal  angles  of  the 
theca. 
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Each  of  these  appendages,  I  believe,  may  be  looked  upon  as  a 
modified  marginal  plate.  The  spine  has  no  communication  with  the 
interior  and  the  musculature  which  controls  its  movements  is  external. 
The  muscles  were  doubtless  lodged  in  the  lateral,  somewhat  depressed 
areas  on  either  side  of  the  terminal  opening.  The  spines,  as  I  shall 
subsequently  point  out,  almost  certainly  had  no  other  function  than 
to  raise  the  adoral  portion  of  the  body.  It  seems  possible,  further, 
that  they  may  have  fimctioned  to  some  extent  as  ambulatory  organs. 

The  structure  of  the  column  is  but  imperfectly  known.  It  appa- 
rently is  not  essentially  different  from  that  possessed  by  other  mem- 
bers of  the  group,  however.  It  is  composed  of  two  longitudinal 
series  of  ossicles.  In  the  proximal  portion  of  the  column  there  seems 
to  be  a  semifusion  of  the  apposed  half-segments,  resulting  in  the 
formation  of  complete  rings.  That  this  fusion  has  been  but  imper- 
fectly acquired  is  shown  by  an  individual  in  which  the  colunm  is 
broken.  In  this  case  the  line  of  fracture  clearly  indicates  the  original 
longitudinal  division  of  the  stem.  The  colunm  in  its  proximal  por- 
tion is  of  lai^e  size,  but  apparently  tapers  rapidly  distad.  The  stem 
ossicles  are  remarkably  thin  and  this  gives  the  colimm  a  relatively 
enormous  central  perforation.  This  cavity  probably  lodged  the 
muscles  that  controlled  the  movements  of  the  column. 

The  articulation  of  the  column  with  thcT  theca  is  of  considerable 
interest.  It  is  to  be  noted,  as  shown  in  figure  11,  plate  3,  that  the 
cavity  within  which  the  proximal  portion  of  the  colmnn  is  lodged  is 
quite  deep  and  socket-like  in  its  conformation.  All  available  evi- 
dence points  to  unusually  free  motion  of  the  coliunn  within  this 
cavity,  both  laterally  and  vertically.  Taken  in  conjunction  with  the 
great  flexibility  of  the  coliunn  itself,  and  the  evidence  of  a  highly 
developed  musculature,  it  is  evident  that  the  stem  was  capable  of  a 
great  range  of  movement.  AH  these  facts  point  strongly  to  the 
conclusion  that  the  column  had  very  special  functions,  quite  different 
from  those  normally  assigned  to  the  pelmatozoan  stem. 

A  brief  discussion  of  the  habits  of  this  type  as  they  are  believed 
to  have  been  will  illustrate  clearly  the  probable  functions  of  the 
various  parts  and  the  reasons  for  the  modifications  to  be  noted  in 
the  gross  structure  of  the  organism.  It  is  believed  that  the  animals 
propelled  themselves  along  the  bottom  by  means  of  their  colmnn. 
This  was  pulled  forward,  elevating  the  posterior  portion  of  the  theca; 
pressiure  was  then  exerted  which  drove  the  animal  forward.  It  is 
here  that  we  see  the  probable  use  to  which  the  anterior  appendages 
were  put.  With  the  posterior  portion  elevated  and  a  forward  pres- 
sure applied  it  is  obvious  that  the  tendency  would  be  to  drive  the 
adoral  part  of  the  animal  into  the  sediment  of  the  bottom.  How- 
ever, were  the  anterior  appendages  to  be  slightly  drawn  inward  so  as 
to  elevate  the  anterior  portion  of  the  theca  somewhat  above  the 
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bottom^  this  forward  movement  would  result  simply  in  sliding  the 
animal  along  the  bottom  instead  of  burning  it.  While  in  motion  it 
is  probable  that  the  flap,  which  has  been  described  above,  was  pulled 
down.  This  covered  the  anterior  opening  and  prevented  the  intru- 
sion of  undesirable  matter. 

The  feeding  habits  of  Anomalocystis,  as  indicated  by  the  structure 
of  the  animal,  seem  to  be  peculiar  to  itself  and  the  associated  forms 
referred  to  the  subgroup,  at  least  among  the  Felmatozoa.  Lacking 
food-gathering  appendages,  it  is  obvious  that  food  must  have  entered 
the  mouth  directly.  It  seems  highly  probable  that  when  feeding, 
the  terminal  aperture  was  kept  open  and  the  animal  without  elevating 
the  adoral  portion  of  the  theca  pushed  itself  along  the  bottom.  By 
this  process  the  cystid  could  fill  itself  with  bottom  ooze,  in  which 
its  food  was  contained. 

Trochocystis. — Trochocystis,  which  may  be  considered  the  most 
simple  known  type  and  perhaps  constitutes  the  radicle  from  which 
sprung  the  remaining  genera  of  the  group,  is  a  Cambrian  genus 
described  by  Barrande.  The  various  interpretations  of  the  genus 
given  by  Jaekel  (1901),  Haeckel  (1896),  and  Bather  (1900),  are  so 
diverse  that  one  with  no  more  evidence  than  is  afforded  by  figures 
alone  feels  a  considerable  degree  of  hesitancy  in  coming  to  any  definite 
conclusions  regarding  th'e  form.  This  is  unfortunate,  for  upon  the 
correct  interpretation  of  this  genus  depends  to  a  great  extent  one's 
ability  fully  to  comprehend  the  origin  of  certain  structures  to  be 
found  in  the  later  types.  The  uncertainty  relative  to  the  structure 
of  Trochocystis  is  to  a  great  part  due  to  the  preservation  of  the 
specimens,  which  occur  largely  as  molds,  and  as  such  they  have  been 
figured.  The  difficulties  attendant  upon  the  elucidation  of  such 
material  are  very  great,  and  are  almost  insuperable  when  one  has 
but  figures  to  deal  with. 

In  Trochocystis  we  find  the  theca  flattened,  indicating  the  assump- 
tion and  probably  fairly  long  maintenance  of  a  prostrate  existence. 
The  two  surfaces  of  the  theca  are  composed  of  a  great  number  of 
polygonal  plates  which  are  surrounded  by  12  comparatively  massive 
marginal  plates.  A  dorsal  and  ventral  surface  may  apparently  be 
distinguished,  both  through  the  relative  number  of  plates  comprising 
the  two  sides  and  by  the  relative  extent  to  which  the  marginals  take 
part  in  the  structure  of  the  two  areas.  Aborally  the  marginals  pass 
insensibly  into  the  coliunn,  which  is  composed  of  a  double  alternating 
series  of  plates.     (PL  3,  fig.  5.) 

It  is  probable  that  the  stem  in  Trochocystis  was  far  less  specialized 
in  function  than  the  equivalent  organ  in  later  forms.  Owing  to  its 
structure,  considerable  freedom  of  lateral  movement  was  made 
possible,  but  even  this  is  due  to  the  flexibility  of  the  colunm  itself. 
There  was  but  little  or  no  play  at  the  junction  of  the  column  with 
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the  theca.  As  a  result,  the  possibilities  of  vertical  moYement  were 
far  more  limited  than  iu  the  case  of  the  later  types.  It  seems  reason- 
able to  expect  that  even  in  Trochoq/stis  the  column  performed  no 
slight  service  in  the  propulsion  of  th^  animal.  If  Jaekel  (1901)  be 
correct  in  assuming  the  presence  of  marginal  ambulacral  structures 
it  might  follow  that  movement  was  to  some  extent  performed  by 
brachioles  or  their  equivalents.  The  presence  of  food-grooves  in  this 
type  I  feel  is  far  from  proved,  however. 

In  numerous  figures  given  of  Trochocystis  by  Barrande  (1887)  is 
to  be  noted  a  curious  central  distal  plate,  of  which  an  enlargement  is 
here  given  on  Plate  3,  figure  4.  This  plate  is  at  times  extended 
beyond  the  theca,  and  at  times  folded  down  apparently  covering  the 
central  anterior  aperture.  The  structure  of  this  plate  and  its  appar- 
ent relation  to  the  theca  at  once  suggest  a  function  similar  to  that  of 
the  hinged  plate  described  in  the  case  of  Anomdlocysiis.  It  seems 
probable  indeed  that  we  are  here  dealing  with  homologous  struc- 
tures. If  such  be  the  case,  the  surface  to  which  the  plate  is  hinged 
in  Trochocystis  corresponds  to  the  dorsal  side  of  Anamalocysiis, 

Concerning  the  terminal  openings  of  Trochocystis  but  little  can  defi- 
nitely be  said.  There  certainly  is  a  central  aperture  corresponding 
essentially  with  that  of  later  types.  Baxrande  (1887),  Haeckel  (1896), 
and  Bather  (1900)  state  that  there  are  two  other  openings,  one  on 
either  side  of  this  central  aperture.  Jaekel  (1901)  admits  of  but  one 
other  opening,  to  which  he  claims  the  ambulacral  grooves  run,  thus 
proving  it  to  be  the  mouth.  Doubtless  the  question  will  not  be 
settled  until  someone  makes  satisfactory  impressions  from  external 
molds.  It  would  seem  more  reasonable  on  the  whole  to  consider  the 
central  opening  the  mouth,  although  this  view  is  at  variance  with  the 
stand  taken  by  former  writers  who  have  presimiably  had  an  oppor- 
timity  to  study  good  material. 

Mitrocystis. — In  MitrocystiSj  Plate  3,  figures  6-8,  is  to  be  found  a 
type  intermediate  in  structure  between  Trochocystis  and  the  later 
genera  of  the  group.  In  all  essential  details  the  genus  approximates 
more  nearly  to  the  later  forms  than  it  does  to  Trochocystis. 

There  is  to  be  noted  a  marked  differentiation  into  an  upper  (dorsal) 
and  a  lower  (ventral)  surface.  In  the  ventral  surface  there  has  been 
a  very  considerable  consolidation  of  the  plates,  the  number  of  those 
inclosed  in  the  circumference  of  the  marginals  numbering  but  a  half 
dozen  at  most.  The  dorsal  surface  is  still  composed  of  numerous 
irregularly  arranged  plates,  although  they  are  fewer  in  number  than 
in  the  case  of  Trochocystis.  Bilateral  symmetry  in  respect  to  a 
vertical  longitudinal  plane  is  as  yet  scarcely  appreciable. 

Perhaps  the  most  notable  structural  difference  between  Miiro- 
cystis  and  Trochocystis  Ues  in  the  fact  that  Mitrocystis  has  but  a 
single  terminal  aperture,  th^ein  agreeing  with  the  Silurian  and 
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Devonian  genera.  The  uncertainty  that  obtains  relative  to  the 
nature  of  the  openings  of  Trochocystis  has  been  noted  above.  What- 
ever be  the  structure  in  that  genus,  it  is  quite  certain  that  we  have 
here  an  aperture  that  represents  the  confluence  of  the  openings  of 
TrochocystiSf  if,  indeed,  there  be  more  than  one.  It  is  interesting  to 
observe  the  presence  of  the  central,  hinged  plate  in  the  case  of  Mitro- 
cystis.  In  Plate  3,  figure  8,  which  represents  the  under  (inner)  sur- 
face of  the  plate,  there  are  to  be  noted  several  longitudinal  ridges. 
The  grooves'  between  these  ridges  may  well  represent  the  points  of 
attachment  for  the  muscles  that  move  the  plate. 

The  colunm  of  Mitrocystis  seems  to  be  in  all  essential  regards  quite 
similar  to  that  possessed  by  the  later  genera  referable  to  the  Ano- 
malocystidae.  Bather  (1900,  p.  51)  describes  it  in  part  as  follows: 
"Stem  of  about  four  alternating  rows  of  plates,  often  provided  with 
thorn-like  processes."  Barrande's  figures  do  not  seem  to  justify  this 
portion  of  the  description.  The  column  apparently  is  composed  of 
the  normal,  double  row  of  ossicles,  which  seem  to  be  apposed  in  many 
cases  instead  of  alternating.  In  some  instances  indeed  partial 
fusion  seems  to  have  taken  place,  such  as  has  been  described  in  the 
case  of  Anomahcystis.  The  thorn-like  processes  described  by 
Bather  are  supposed  to  be  shown  in  Plate  3,  figure  6,  which  is  copied 
from  Bather  (1900),  who  in  turn  copied  it  from  Barrande.  These 
processes,  I  believe,  are  more  apparent  than  real,  and  are  due  to  the 
preservation  of  the  specimen  rather  than  to  the  actual  structure  of 
the  colmnn.  Other  specimens  illustrated  by  Barrande  show  no 
signs  of  such  spines  and  agree  with  allied  genera  in  this  regard.  It  is 
evident,  I  think,  that  in  the  case  of  this  specimen  the  substance  of  the 
plates  has  been  removed  and  the  processes,  if  they  represent  any- 
thing, are  ridges  of  ferruginous  matter  deposited  by  infiltration  in  the 
stem  cavity  and  between  the  segments. 

The  articulation  of  the  column  with  the  theca  in  Mitrocystis  repre- 
sents a  decided  step  in  advance  over  the  structure  shown  in  the  case 
of  Trochocystis.  There  is  apparently  a  fair  invagination  of  the  proxi- 
mal portion  of  the  theca  for  the  reception  of  the  column,  and  the 
stem  may  well  have  had  considerable  freedom  of  motion  both  in  a 
horizontal  and  vertical  direction. 

General  discussion  of  type  S. — There  are  several  other  genera  refer- 
able to  this  group,  but  inasmuch  as  they  exhibit  no  special  modifica- 
tions of  structure  other  than  those  shown  by  the  forms  described,  it 
has  not  been  thought  best  to  include  them  in  the  present  discussion. 

The  essential  unity  in  structure  shown  by  the  genera  referred  to 
this  group  is  notable  and  aigues  strongly  in  favor  of  their  monophy- 
letic  origin.  Derived  no  doubt,  as  suggested  by  Bather  (1900),  from 
a  form  not  widely  dissimilar  to  Aristocystis,  a  prostrate  habit  of  life 
was  early  assumed  and  constantly  maintained.     In  consequence  the 
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changes  to  be  observed  in  the  evolution  of  the  group  all  tend  in  one 
direction — toward  the  perfection  of  the  type  for  a  prostrate,  eleu- 
therozoic  life. 

There  is  one  structural  feature  of  considerable  importance  con- 
cerning which  we  have  insufficient  information.  That  is  the  location 
of  the  anal  opening.  According  to  all  writers  except  Haeckel  (1896) 
this  opening  is  adoral  in  position.  Haeckel  in  Placocysiis  locates  it 
on  the  ventral  surface  of  the  animal  at  the  junction  of  the  column 
with  the  theca.  As  a  matter  of  fact,  considering  the  high  degree 
of  specialization  to  be  found  in  this  group,  one  would  naturally 
expect  an  adcolumnal  location  for  the  opening,  which  would  only  be 
consistent  with  modifications  to  be  observed  in  the  case  of  other 
prostrate,  actively  moving  Cystidea.  If  the  anal  opening  in  Trocho- 
cystis  actually  be  adoral,  then  I  feel  that  we  may  well  postulate  the 
same  position  for  it  in  the  case  of  the  later  forms,  however.  It  is 
quite  inconceivable  that  between  Trochoeystis  and  Mitrocygtis  this 
opening  should  have  shifted  from  the  distal  portion  of  the  theca  to 
its  extreme  proximal  extremity. 

Oeiteral  discussion  of  the  Cystidea  ofOrouf  I. — Consideration  of  the 
facts  as  here  presented  in  regard  to  the  stalked  Cystidea  indicates 
that  an  eleutherozoic  habit  was  maintained  among  these  forms  from 
the  earliest  times  down  to  their  latest  appearance.  Indeed,  it  will 
be  noted  that  the  last  cystid  of  which  we  h»ve  a  record,  Anomdlo- 
cystis  disparUis,  of  the  Middle  Devonian,  is  the  most  highly  specialized 
of  all  the  eleutherozoic  Cystidea.  The  list  of  genera  given  above 
might  be  increased  appreciably.  A  sufficient  number  of  forms  have 
been  cited,  however,  to  indicate  the  widespread  acquisition  of  this 
form  of  life  among  the  most  diverse  groups  of  the  Cystidea.  We 
know,  indeed,  that  a  few  stalked  cystids,  particularly  in  the  Silurian 
and  Devonian,  were  permanently  affixed  by  cementation  of  the  distal 
portion  of  their  colunms.  The  majority  of  the  cystids,  I  think  we 
may  be  safe  in  assuming,  were  detached  at  least  for  the  greater  part 
of  their  existence,  however. 

This  almost  universal  freedom  among  the  cystids  is  of  particular 
interest  as  apparently  in  no  wise  impairing  the  acquisition  of  sym- 
metry and  structures  supposed  to  characterize  a  statozoic  existence. 
The  reason  for  this  is  no  doubt  that  in  most  cases  freedom  among 
^  these  forms  merely  represents  non-attachment.  For  the  greater  part 
of  their  lives  the  animals,  though  free,  were  but  slightly  less  sessile 
than  cemented  or  rooted  forms.  The  obvious  advantages  and,  indeed, 
the  necessity  for  postlarval  free  stages  and  their  bearing  on  the 
ecology  of  the  oi^anisms  is  much  the  same  as  that  among  the  Cri- 
noidea.  A  discussion  of  this  phase  of  the  question  is  given  in  the 
case  of  crinoids,  and  most  of  the  statements  there  made  are  equally 
applicable  to  the  present  types. 
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BLASTOIDEA  OF    GROUP  I. 

In  the  case  of  the  Blastoidea,  evidence  relative  to  the  maintenance 
of  an  eleutherozoic  habit  by  the  stalked  forms  is  quite  limited  owing 
to  the  fact  that  specimens  with  the  columns  preserved  are  seldom 
found.  In  the  case  of  PentremiteSy  however,  a  considerable  number 
of  individuals  are  known  the  colunms  of  which  are  essentially 
complete.  In  these  specimens  it  is  to  be  noted  that  the  stems  are 
short  and  in  the  distal  portion  taper  rapidly,  apparently  coming  to 
a  point.  Weak  radicular  cirri  are  present  and  extend  for  a  short 
distance  up  the  column.  It  may  be  held,  I  think,  that  in  this  genus 
permanent  fixation  by  the  adults  did  not  obtain. 

Whether  we  may  extend  this  conclusion  so  as  to  apply  to  the 
remainder  of  the  Blastoidea,  it  is  impossible  to  say.  Considering 
the  extreme  type  of  an  eleutherozoic  habit  maintained  by  certain 
Blastoidea  such  as  EleuiherocrinuSj  it  would  seem  that  there  was  a 
decided  tendency  among  the  members  of  this  class  toward  the  assump- 
tion of  a  free  mode  of  life.  This  fact  and  the  considerable  acquisi- 
tion of  an  eleutherozoic  habit  by  the  Pelmatozoa  in  general  point 
strongly  to  the  conclusion  that  among  the  Blastoidea  a  detached 
existence  was  largely  maintained.  The  evidence  afforded  by  the 
distribution  and  segregation  of  the  Blastoidea  argues  quite  as  strongly 
in  support  of  this  conclusion  as  in  the  case  of  the  Crinoidea,  where 
this  phase  of  the  subject  will  be  fully  discussed. 

CRINOIDEA   OF  GROUP  I. 

To  put  upon  a  firm  footmg  the  statement  elsewhere  made  that  the 
great  majority  of  crinoid  types  have  at  one  time  or  another,  subse- 
quent to  the  formation  of  a  column,  been  free  and  capable  of  moving 
about  at  will,  is  not  an  easy  matter.  In  the  very  nature  of  things  the 
statement  is  incapable  of  absolute  demonstration.  The  evidence  in 
support  of  the  contention  is  of  two  sorts.  In  the  first  place  we  have 
positive  evidence  as  afforded  by  individuals  in  which  the  column  is 
complete  and  shows  no  signs  of  attachment.  We  also  have  the  less 
satisfactory  evidence  given  by  residual  roots  which  in  some  instances 
probably  indicate  detachment  during  the  life  of  the  crinoids — whether 
voluntary  or  not  we  may  but  conjecture.  On  the  other  hand  we 
have  the  more  or  less  indirect  evidence  afforded  by  the  facts  of  crinoid 
distribution  and  segregation.  It  will  be  unnecessary  to  go  fuUy  into 
this  phase  of  the  subject.  Such  facts  as  we  have  may  only  satisfac- 
torily be  explained,  I  believe,  on  the  assumption  that  post-larval 
migration  plays  a  part  of  considerable  importance  in  the  lives  of  the 
Crinoidea. 

The  number  of  stalked  genera  referable  to  the  Crinoidea  which 
were  and  are  truly  eleutherozoic  during  the  greater  portion  of  their 
lives  is  quite  large.     Inasmuch  as  we  can  only  certainly  postulate 
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such  a  condition  of  life  for  these  forms  in  which  we  have  the  distal 
portion  of  the  stem  preserved  and  showing  no  signs  of  pennanent 
fixation,  it  is  surprising  that  the  Hst  is  as  long  as  it  is.  Were  complete 
columns  more  frequently  found,  our  list  would  no  doubt  be  materi- 
ally increased.  In  addition  to  those  forms  which  from  having  exam- 
ined complete  individuals  we  know  not  to  have  been  cemented  or 
rooted  to  the  bottom,  we  may  reasonably  ascribe  a  similar  existence 
to  many  more.  The  reasons  for  such  reference  will  be  given  subse- 
quently under  the  discussion  of  the  various  forms.  Not  only  are 
many  crinoids  to  be  considered  as  eleutherozoic  for  the  greater  por- 
tion of  their  lives,  but  also  a  far  greater  number  are  to  be  considered 
as  having  occasional  periods  of  freedom  during  which  migration  is 
possible.  In  this  category  are  probably  to  be  placed  the  majority  of 
Crinoidea. 

Oeneral  classification  of  ihe  Crinoidea  of  Oroup  I. — For  convenience 
of  reference  we  may  divide  the  detached  stalked  Crinoidea  into  two 
groups  and  later  subdivide  these.  On  the  one  hand  we  have  those 
crinoids  that  for  the  greater  part  of  their  lives  are  not  attached  to  the 
bottom  by  a  root  or  by  cementation.  These  forms  may  be  capable  of 
voluntary  locomotion  at  will,  without  an  attendant  disruption  of  the 
column.  On  the  other  hand  we  have  those  crinoids  that  are  normally 
firmly  affixed  to  the  bottom,  which  at  irregular  intervals,  governed  no 
doubt  by  external  conditions,  break  or  are  broken  loose  from  their  basal 
attachment  and  in  some  cases  swim  about  freely.  It  is  obvious  that 
these  two  divisions  are  arbitrary  at  best,  and  differ  in  degree  rather 
than  in  kind.  In  one  case  after  a  period  of  attachment  the  crinoid 
becomes  free  and  thereafter  remains  so,  barring  accidental  fixation. 
In  the  other  case  the  crinoid  has  alternating  periods  of  freedom  and 
fixation.  It  is  probable  that  in  both  divisions  detachment  becomes 
irregularly  effective  in  different  individuals,  dependent  no  doubt  on 
the  conditions  imder  which  the  particular  form  lives. 

The  crinoids  that  are  free  for  the  greater  part  of  their  existence 
may  be  divided  according  to  their  mode  of  life.  Most  of  the  types 
may  be  considered  as  vagile  or  vagrant  benthos.  Some  undoubtedly 
were  epi-plankton,  while  at  least  one  genus  may  well  be  classed  as  a 
true  plankton.  In  the  latter  cases  perhaps  the  first  step  in  the 
evolution  of  the  forms  away  from  the  sessile  stock  was  the  assump- 
tion of  a  type  of  existence  approximating  to  that  of  a  vagile  benthos. 
Gradually  the  exigencies  of  this  life  may  be  seen  to  have  induced 
modifications  of  structure  either  tending  toward  greater  freedom  of 
movement  or  toward  a  better  control  of  movement.  As  by  far 
the  most  striking  example  of  the  fia^t  type  of  modification  we  may 
take  ScyphocrinuSy  hereafter  discussed,  the  float  of  which  has  been 
variously  described  as  Camarocrinus  and  LobolithuSy  not  to  mention 
its  reference  to  the  Echinoidea.    As  an  example  of  the  second  sort. 
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the  whorls  of  cirri  of  the  Pentacrinidas  and  other  forms  may  be  cited. 
The  attachment  of  certain  Crinoidea  to  floating  bodies  by  which 
they  are  carried  from  place  to  place  might  perhaps  be  expected  of  the 
very  yomig  stages,  but  thai  this  epi-planktonic  existence  should 
largely  be  assumed  by  certain  adult  forms,  as  we  know  it  to  be,  is 
surprising,  to  say  the  least. 

ITie  vdgUe  benthos. — ^In  discussing  the  group  of  vagile  benthos  it 
may  be  well  to  deal  first  with  those  forms  which  from  structural 
evidence  we  know  to  have  passed  a  very  considerable  portion  of  their 
lives  as  detached  organisms.  This  evidence  consists  either  of  the 
possession  of  specialized  organs  adapted  to  the  maintenance  of  an 
eleutherozoic  existence  or  a  lack  of  special  organs  fitted  for  the  per- 
manent attachment  of  the  crinoid. 

Although  permanent  fixation  .does  not  become  effective  among 
these  types,  it  is  obvious  that  the  ability  to  attach  themselves  tempo- 
rarily would  be  of  considerable  advantage  to  the  crinoids.  Even 
among  those  forms  referred  to  Group  11  active  swimming  periods 
are  apparently  of  irregular  occurrence  and  of  but  brief  duration. 
Having  located  in  some  favorable  spot,  the  crinoid  needs  a  slight 
anchorage  to  maintain  its  position,  as  it  tends  to  be  changed  by 
current  or  wave  action.  To  meet  such  conditions  we  find  various 
modifications,  and  a  rough  grouping  may  be  made  on  the  basis  of 
similarity  of  such  structures. 

Types  of  temporary  Jixation  among  the  vagile  henthos. — Three  types 
of  temporary  attachment  may  be  recognized.  In  the  first  place,  the 
crinoid  may  hold  onto  the  bottom  by  a  looping  of  the  distal  portion 
of  the  column  about  some  stationary  object.  Secondly,  there  may 
be  no  true  attachment,  but  the  presence  of  a  distal  knob  or  anchor 
may  serve  to  ballast  the  crinoid  and  maintain  it  in  approximately 
the  same  position.  Finally,  as  is  the  case  more  conunonly  among 
the  Mesozoic  and  later  forms,  we  find  that  attachment  to  other 
objects  is  effected  by  means  of  prehensile  cirri  borne  upon  the  colunm. 
The  order  here  given  indicates  in  a  broad  way  the  general  degree 
of  complexity  of  the  types  of  structure  involved.  The  second  type 
of  fixation,  if  such  it  may  be  called,  is  quite  out  of  the  regular  line 
of  evolution,  and  represents  both  simple  and  complex  conditions. 
For  instance,  the  terminal  knobs  elsewhere  described  as  occurring 
either  on  Dolaiocrinus  or  Megistocrinus  columns  probably  repre- 
sents secretion  of  stereom  induced  by  and  following  a  violent  disruption 
of  the  column.  On  the  other  hand  the  grapnel  of  Ancyrocrinus  is  a 
highly  specialized  organ  resulting  from  the  modification  of  radicular 
cirri.  In  the  treatment  of  these  crinoids  the  forms  will  be  discussed  as 
grouped  above.  The  order  will  be  changed,  however,  the  most  com- 
plex types  being  taken  first.  This  is  done  in  order  inunediately  to 
make  available  the  evidence  afforded  by  the  living  Crinoidea, 
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Isocrinus  and  MetcLcrinus. — There  is  much  evidence  available 
proving  conclusively  that  among  certain  recent  crinoids  provided 
with  a  well-developed  column,  a  free  or  semifree  existence  is  largely 
maintamed.  This  conclusion  was  perhaps  first  reached  by  Sir 
Wyville  Thomson,  and  the  evidence  was  subsequently  verified  and 
added  to  by  Carpenter  and  other  writers.  Carpenter's  (1884,  p.  18) 
statement  of  the  case  as  affecting  the  genus  Isocrinus  is  here  given. 
''At  the  same  time  there  appears  to  be  ample  evidence  that  a  Penta- 
crinite  may  lead  the  same  sort  of  free  life  that  a  Comahda  does, 
attaching  itself  temporarily  by  its  cirri."  Sir  Wyville  Thomson  long 
ago  pointed  out,  in  the  case  of  PefnUurinus  decorus  (1864,  p.  7),  "that 
the  animal  seems  to  have  had  the  power  of  detaching  itself  at  any 
of  the  syzygies  of  the  stem  in  the  same  sort  of  way  as  the  arms  are 
thrown  off  during  life  or  break  up  after  death.  He  described  an 
individual  in  which  the  stem  terminated  below  in  a  worn  and  rounded 
nodal  joint,  and  he  supposed  it  "to  have  finally  parted  from  its 
attachment  and  to  have  led  a  free  life."  He  stated  some  years 
afterwards  that  this  was  the  case  in  all  the  complete  specimens  which 
he  had  seen,  "showing  that  the  animal  must  have  been  for  long  free 
from  any  attachment  to  the  ground."  He  then  went  on  to  describe 
the  same  condition  as  it  occurs  in  Isocrinus  wyviUe-tliomsoni.  "All 
the  stems  of  mature  examples  of  this  species  end  inferiorly  in  a 
nodal  joint  surrounded  by  its  whorl  of  cirri,  which  curve  downwards 
into  a  kind  of  grappling  root.  The  lower  surface  of  the  terminal 
joint  is  in  all  smoothed  and  rounded,  evidently  by  absorption,  show- 
ing that  the  animal  had  for  long  been  free.  I  have  no  doubt  what- 
ever that  this  character  is  constant  in  the  present  species,  and  that 
the  animal  lives  loosely  rooted  in  the  soft  mud,  and  can  change  its 
place  at  pleasure  by  swimming  with  its  pinnated  arms;  that  it  is, 
in  fact,  intermediate  in  this  respect  between  the  free  genus  Antedon 
and  the  permanently  fibced  Crinoids."  The  recent  species  to  which 
a  semifree  existence  has  specifically  been  ascribed  by  Carpenter  (1884, 
p.  19)  other  than  the  ones  already  noted  are:  Isocrinus  parras  {madeor 
ranus),  /.  aUemicirrus,  and  Metacrinus  anguUUus. 

The  phenomena  associated  with  the  assumption  of  an  eleutherozoic 
habit  by  the  recent  forms  are  of  very  considerable  interest,  and  are 
of  great  value  because  of  the  perfect  preservation  of  the  material. 
Being  fairly  certain  as  to  the  conditions  under  which  such  types  have 
acquired  freedom,  and  knowing  to  a  certain  extent  the  habits  of  the 
crinoids,  one  may  draw  certain  general  conclusions  relative  to  the 
fossil  forms  in  regard  to  which  we  are  not  so  well  informed. 

Method  of  detachment  among  the  Pentacrinidx. — ^The  disruption  of 
the  column  immediately  distad  to  a  nodal,  and  the  subsequent  sec- 
ondary deposition  of  stereom  on  the  exposed  face,  as  shown  in 
94428^— Proc.N.M.vol.41--ll 3 
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l90CTinu8  wyviUe-ihomsoni  (PL  5,  fig.  13),  seem  to  be  more  or  less 
characteristic  of  the  FentacriBid»  as  a  whole.  In  some  cases  it  is  to 
be  noted  that  the  deposit  of  stereom  smoothly  roimds  off  the  entire 
exposed  face  of  the  distal  ossicle  and  forms  an  appreciable  knob. 
In  other  specimens  a  sipaU  plug  is  formed  which  merely  closes  the 
axial  canal.  In  these  individualB  the  radial  stri»  are  at  times  still 
to  be  seen.  It  may  be  that  these  differences  in  the  structure  repre- 
sent stages  in  the  attainment  of  freedom,  or  it  may  be  that  in  different 
species  there  is  a  certain  degree  of  variation  in  this  regard.  The 
essential  feature  after  aU  is  the  pluming  of  the  axial  canal.  Subse- 
quent deposition  of  calcareous  matter  seems  merely  somewhat  to 
protect  the  distal  nodal  from  fracture. 

The  method  of  detachment  as  it  obtained  among  these  forms  is 
open  to  some  question.  Thomson  (1869-72,  p.  768)  says:  ''There 
can  be  no  doubt  that  in  early  life  the  Crinoid  is  attached  and  that  it 
becomes  disengaged  by  the  withering  of  the  lower  part  of  the  stem." 
Carpenter  (1884,  p.  22)  says:  ''The  free  mode  of  life  appears  to  be 
attained  in  these  indiyiducds,  not  by  actual  fracture  of  the  stem  at 
a  node  so  as  to  shorten  it  more  or  less,  but  by  the  lower  and  therefore 
older  part  remaining  undeveloped,  while  new  joints  appear  in  suc- 
cession above  it,  each  growing  to  a  larger  size  than  those  previously 
formed.  The  stem  thus  becomes  slender  and  tapering  and  but  ill 
adapted  for  attaching  itself  below;  but  its  length  is  not  dioiinished 
so  much  as  if  it  were  broken  at  a  node." 

These  conclusions  have  been  based  upon  the  fact  that  in  many 
specimens  there  is  a  decided  diminution  in  the  size  of  the  column  in 
its  distal  portion.  At  times  this  decrease  seems  to  be  effected  through 
the  gradual  tapering  of  the  stem.  In  other  cases  the  column  tapers 
somewhat  distad,  and  then  decreases  abruptly  in  diameter  from  nodal 
to  nodal.  As  has  been  pointed  out  by  Carpenter  (1884),  such  varia- 
tion in  the  diameter  of  the  stem  is  far  from  being  a  uniform  char- 
acter. It  is  significant  that  adult  specimens  apparently  do  not  show 
this  structure. 

On  the  whole,  from  the  evidence  available  one  would  judge  that 
a  gradual  tapering  of  the  column  such  as  is  figured  by  Carpenter  and 
reproduced  here  (PI.  4,  fig.  2)  in  the  case  of  Isocrinus  decorua  is  such 
as  is  due  to  normal  growth.  In  cases  where  the  column  suddenly 
becomes  smaller  distad  from  a  given  point  this  explanation  does  not 
seem  wholly  adequate.  It  would  appear  that  in  such  a  case,  after 
the  detachment  of  the  organism,  a  certain  portion  of  the  column  ceases 
to  enlai^e. 

Both  Thomson  and  Carpenter,  as  quoted  above,  take  a  stand 
against  the  actual  disruption  of  the  colunm,  but  it  is  inconceivable 
that  detachment  could  have  occurred  except  as  the  result  of  such  a 
process.    A  "withering"  or  nondevelopment  of  the  distal  portion  of 
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the  column  would  scarcely  serve  to  separate  the  crinoid  from  its  base 
of  attachment.  Whether  such  disruption  was  voluntary  or  per- 
formed more  or  less  through  the  agency  of  outside  forces^  it  is  impos- 
sible to  state.  Involuntary  detachment  in  the  majority  of  cases 
seems  the  more  reasonable  hypothesis,  however. 

Concerning  the  exact  steps  in  the  acquisition  of  a  detached  exist- 
ence in  the  case  of  the  Fentacrinidas  we  can  not,  of  course,  be  abso- 
lutely certain.  The  evidence  at  hand  permits  us  to  draw  some 
rather  definite  conclusions  in  regard  to  the  matter,  however.  A 
statement  of  the  conditions  under  which  it  is  thought  freedom  is 
acquired,  and  of  the  consequent  modifications  in  the  structure  of 
the  animal,  may  be  of  value  as  meeting  some  of  the  objections  that 
can  be  brought  against  the  views  of  Thomson  and  Carpenter.  It  is 
possible  that  in  different  cases  we  have  to  deal  with  somewhat  dif- 
ferent factors — or,  rather,  with  factors  operating  in  variable  degrees. 
On  the  whole,  however,  I  think  we  are  justified  in  assuming  that  the 
process  is  essentially  uniform  in  its  action. 

Knowing  as  little  as  we  do  in  regard  to  the  embryology  and  very 
yoimg  stages  of  the  Fentacrinidae,  we  are  scarcely  able  to  form 
definite  conclusions  in  regard  to  the  nature  of  the  immature  column. 
The  specimen  of  Isocrinua  decorua  (PI.  4,  fig.  2)  gives  us  some  inter- 
esting data,  however.  In  this  specimen  it  may  be  noted  that  the 
column  up  to  within  a  short  distance  of  the  theca  is  composed  of 
round  ossicles.  The  proximal  portion  of  the  stem  shows  the  charac- 
teristic pentalobate  cross-section  that  distinguishes  the  adults  of  this 
type.  It  is  probable  that  the  distal  portion  of  the  column  as  shown 
represents  the  actual  shape  of  the  ossicles  in  the  young  and  does  not 
indicate  a  secondary  deposition  of  stereom  filling  the  reentrant 
angles  of  the  columnals.  Were  the  change  in  form  brought  about 
through  such  a  process  we  would  find  a  gradual  transition  instead 
of  an  abrupt  change,  and  some  of  the  altered  columnals  would  be 
pentagonal  in  outline.  Such,  however,  does  not  seem  to  be  the  case. 
The  comparatively  rapid  change  from  round  to  pentalobate  ossicles, 
such  as  may  be  noted  in  this  specimen  and  even  more  clearly  in  a 
specimen  of  the  same  species  figured  by  Carpenter  (1884,  PI,  25, 
fig.  2),  perhaps  indicates  a  resting  stage  in  the  development  of 
the  organism  after  which  the  typical  pentalobate  columnals  are 
acquired. 

It  is  approximately  at  this  period  in  the  lives  of  the  organisms  that 
detachment  occurs.  As  stated  above,  this  disruption  is  abrupt.  In 
all  probabiUty  the  point  of  separation  comes  well  down  in  the  stem. 
It  is  probable,  however,  that  there  is  no  definite  point  for  the  dis- 
ruption of  the  column.  Among  these  young  specimens  the  length 
of  the  stem  is  apparently  quite  variable,  indicating  such  to  be  the  case. 
It  is  scarcely  possible  that  in  these  individuals  any  considerable 
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sloughing  of  columnals,  such  as  is  hereafter  described,  could  have 
taken  place. 

Subsequent  to  the  disruption  of  the  crinoid  from  its  base  of  attach- 
ment increase  in  the  length  of  the  column  takes  place  by  the  constant 
intercalation  of  ossicles  in  the  proximal  portion  of  the  column.  These 
naturally  are  all  pentalobate  in  section.  The  first  of  such  columnals 
formed  agree  in  size  with  the  proximal  portion  of  the  primary  col- 
umn, if  one  may  so  designate  that  portion  of  the  stem  composed  of 
round  ossicles.  Subsequently,  however,  with  the  growth  of  the 
theca,  there  is  a  concomitant  increase  in  the  diameter  of  the  columnals. 
This  results  in  a  marked  disparity  in  size  between  the  distal  and 
proximal  portions  of  the  stem,  and  in  periods  of  rapid  growth,  even 
between  juxtaposed  intemodal  series.  Such  a  condition  may  well 
account  for  the  structures  described  by  Thomson  and  Carpenter. 
Such  an  explanation  is  only  justified  upon  the  assumption  that 
there  is  during  the  period  of  intercalation  of  new  columnals  no 
considerable  increase  in  the  diameter  of  those  already  formed.  I  feel 
that  we  are  justified  in  considering  this  to  be  the  case. 

We  may  well  wonder  in  the  growth  of  the  column  whether  a 
freshly  intercalated  columnal,  having  reached  the  size  at  that  time 
attained  by  the  stem,  is  ever  capable  thereafter  of  any  considerable 
increase  in  size.  I  doubt  if  such  often  be  possible.  Whenever  we 
have  an  increase  in  the  diameter  of  the  column  which  is  secondary 
its  nature  is  immediately  obvious.  Usually  an  obliteration  of  sutures 
and  an  appreciable  irregularity  of  surface  mark  such  enlargement. 
In  the  case  of  adult  hocrinus,  in  the  distal  portion  of  the  stem,  where 
a  secondary  deposition  of  calcareous  matter  apparently  occurs,  the 
resultant  columnals  are  no  greater  in  diameter  than  the  original 
ossicles.  According  to  this  hypothesis  crinoids  showing  tapering 
columns  represent  normal  growth  without  loss  of  distal  columnals. 
On  the  other  hand,  forms  in  which  the  column  is  of  practically 
uniform  diameter  indicate  a  considerable  loss  of  stem  ossicles.  The 
importance  of  such  a  conclusion,  were  it  possible  definitely  to  estab- 
lish it,  is  immediately  obvious,  inasmuch  as  we  could  then  postulate 
a  detached  existence  for  the  majority  of  the  stalked  Crinoidea. 

The  fact  that  in  adult  detached  Pentacrinid»  we  do  not  find  any 
trace  of  this  comparatively  tenuous  terminal  portion  of  the  column 
seems  to  indicate  that  it  has  been  lost.  Were  it  present  it  could  only 
be  represented  as  greatly  enlarged  by  a  secondary  deposition  of 
stereom.  It  could  not  be  other  than  circular  in  cross  section,  for  in 
old  portions  of  the  stem,  even  with  pentalobate  instead  of  round 
columnals  as  a  base,  this  is  the  form  that  the  ossicles  tend  to  assume. 
In  a  few  species  in  the  distal  portion  of  adult  stems  are  to  be  found 
columnals  that  are  approximately  circular  in  outline.  This  form, 
which  closely  simulates  that  shown  by  the  ossicles  of  the  young 
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dinoid;  is  probably  a  secondary  one^  being  caused  by  a  deposition  of 
calcareous  matter  within  the  reentrant  angles  of  the  columnals.  In 
most  cases  the  original  form  of  the  ossicles  is  indicated  by  the  more  or 
less  distinct  pentagonal  section  of  the  column.  In  many  species, 
however,  truly  pentalobate  columnals  are  to  be  found  in  the  adult 
stages  even  in  the  most  distal  portion  of  the  stem  as  preserved, 
proving  conclusively  that  a  considerable  portion  of  the  column  has  been 
lost. 

If  we  grant  the  dropping  off  of  columnals  during  the  lives  of  the 
animals,  a  feature  that  is  directly  comparable  to  the  condition  found 
in  Millericrinus,  hereafter  described,  we  may  readily  account  for  the 
structure  of  all  the  stems  known  to  us  among  the  Fentacrinidse.  In 
very  young  stages  we  should  find,  as  we  do,  considerable  portions  of 
the  original  column  of  the  individual.  Gradually  more  and  more  of 
this  drops  off  until  it  entirely  disappears.  It  is  probable  that  this 
dropping  of  columnals  extends  well  into  the  pentalobate  portion  of  the 
colunm  in  some  species. 

It  is  possible  that  the  gradual  loss  of  the  distal  portion  of  the  colunfii 
may  be  ascribed  to  periods  of  attachment  followed  by  disruption  of  the 
crinoid  from  its  base.  In  such  cases  detachment  may  occur  immedi- 
ately below  the  most  distal  nodal  or  at  some  higher  point.  The  uni- 
form tamination  of  the  columns  by  nodals  among  such  types  as  Eridoxo- 
crinus  suggests  that  detachment  was  had  at  such  points.  It  may  be, 
however,  that  the  column  if  broken  within  an  intemode  would 
subsequently  drop  off  a  sufficient  number  of  ossicles  so  as  to  bring  a 
nodal  at  the  end  of  the  colmnn.  The  advantage  of  this  arrangement 
is  obvious,  as  the  presence  at  the  distal  extremity  of  the  column  of  a 
verticil  of  cirri  as  shown  by  Carpenter  (1884)  in  hocrinus  hlaJcei 
(PL  31,  fig.  1),  in  E.  vxyvUle4hom8(mi  (PI.  19,  fig.  1),  and  in  other 
species,  would  enable  the  animals  readily  to  grasp  a  projection  upon 
the  bottom,  and  thus  temporarily  anchor  themselves. 

FadorsgoverniTtglengtk  of  column^ — ^The  degree  to  which  the  col- 
mnn is  shortened  probably  depends  to  a  great  extent  either  upon  the 
physical  conditions  under  which  the  animal  Uves  or  upon  the  structure 
of  the  organism  itself.  The  main  factor,  however,  is  perhaps  the 
abimdance  of  cirriferous  nodals  in  a  given  length  of  colunm.  This 
in  turn  depends  upon  the  length  of  the  intemodals.  This  structural 
feature  probably  varies  in  different  species,  and  may  perhaps  vary 
within  any  given  species.  A  case  of  shortening  of  the  internodes  is 
shown  in  hocrinus  parrx  {madearanus)  (PI.  4,  fig.  1).  This  species 
exhibits  perhaps  the  highest  degree  of  specialization  known  among 
the  recent  Pentacrinid©  in  this  regard.  It  will  be  noted  in  this  form 
that  each  intemode  consists  of  but  a  single  plate.  Even  greater 
compression  of  the  nodals  would  give  us  essentially  the  structure  to 
be  observed  in  Group  U.    In  most  cases  it  will  be  observed  that 
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formd  with  long  internodes  have  comparatively  longer  columns  than 
those  with  nodals  situated  more  closely  together.  The  reason  for 
this  seems  to  be  that  a  certain  number  of  cirri  by  which  the  animal 
is  able  temporarily  to  attach  itself  is  essential  to  the  welfare  of  the 
crinoid.  So  in  cases  where  the  internodes  are  long  there  must  be  a 
considerable  length  of  colunm  in  order  to  bear  an  adequate  number  of 
cirri.  Where  a  considerable  compression  of  nodals  obtains  it  is 
obvious  that  a  much  shorter  column  suffices. 

Specialization  of  cirri. — ^The  degree  of  speciaUzation  shown  by  the 
cirri  of  the  recent  Pentacrinidse  although  not  as  marked  as  in  the  case 
of  the  fossil  forms  hereafter  described,  is  nevertheless  notable.  It 
will  be  observed  that  the  cirri  are  of  considerable  length  and  are 
equipped  with  terminal  claws.  They  are  quite  flexible  and  motion 
is  readily  had  in  a  vertical  direction.  The  junction  of  the  cirrus  with 
the  colunm  is  marked  by  a  well  developed  articular  face.  The 
structure  is  clearly  indicative  of  adaptation  to  considerable  freedom  of 
motion  and  the  development  of  a  fairly  strong  musculature.  As  has 
been  observed  in  the  case  of  living  Isocrinus  the  cirri  move  with  fair 
rapidity  and  are  capable  of  grasping  and  holding  tenaciously  to  extra- 
neous objects. 

Conclusions  relative  to  the  recent  Peniacrinidse. — From  the  evidence 
as  given  above,  it  may  be  concluded,  I  believe,  that  the  majority  of 
the  recent  Pentacrinid»  pass  the  greater  part  of  their  lives  as  de- 
tached organisms.  It  may  be  that  in  some  individuals,  after  the 
initial  period  of  attachment,  the  animal  passes  through  alternating 
periods  of  freedom  and  fixation.  In  the  majority  of  cases,  however, 
it  is  probable  that  prolonged  fixation  only  obtains  in  the  case  of  the 
very  young  forms.  Permanent  attachment  when  had  by  the  Penta- 
crinidse  seems  to  be  entirely  by  cementation.  Specimens  brought  up 
on  cables  show  this  type  of  structure.*  It  is  quite  conceivable  that 
after  a  period  of  freedom  the  crinoid  may  well  settle  down  and  by  such 
a  secretion  of  stereom  as  is  to  be  noted  in  all  the  specimens  on  the 
distal  end  of  the  column,  cements  itself  to  the  bottom.  While  cemen- 
tation is  becoming  effective,  the  animal  could  hold  itself  in  place  by 
means  of  its  terminal  cirri.     These,  after  cementation,  are  lost. 

Detached  conditions  among  the  fossil  Pentacrinidx. — ^Having  foimd 
such  universal  freedoni  in  the  case  of  the  Uving  Pentacrinidse  we  may 
well  look  for  similar  conditions  of  life  among  the  related  fossil  types. 

1  Mr.  A.  H.  Clark  Informs  me  that  the  statement  relative  to  the  cementation  of  Itoainus  to  telegraph 
cables  as  reported  by  Agasslz  and  quoted  by  Cariienter  (1884,  p.  18)  Is  erroneous.  It  Is  Mr.  Clark's  belief 
that  fixation  by  cementation  never  becomes  effective  after  the  primary  detachment  of  the  organism.  It 
may  be  that  such  Is  the  case,  but  their  seems  to  be  no  special  reason  why  recementatlon  should  not  occur. 
It  Is  obvious  that  those  physical  conditions  that  bring  about  the  detachment  of  a  crinoid  are  not  particularly 
oondudve  to  Its  reattachment  They  need  by  no  means  be  prohibitive,  however.  There  seems  quite 
positive  evidence  in  f^vor  of  the  theory  of  alternate  periods  of  fljcatlon  and  freedom  in  the  case  of  the  Paleo- 
zoic Crinoldea,  and  if  such  conditions  obtained  here  it  does  not  seem  at  all  Improbable  that  we  may  have 
a  similar  habit  expressed  by  the  modem  focma. 
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The  evidence  afforded  by  numerous  writers  points  strongly  to  the 
conclusion  that  among  these  fossil  forms  a  detached  mode  of  life  was 
largely  maintained.  Indeed  in  many  of  these  early  Pentacrinidse, 
the  d^ree  of  specialization  exhibited  by  the  oi^anism  is  even  greater 
than  in  the  case  of  the  recent  forms. 

Pentdcrinus. — Perhaps  the  first  ascription  of  a  detached  existence 
to  a  stalked  crinoid  may  be  credited  to  Buckland.  In  writing  of 
the  fossil  Pentaerimis  he  says  in  part  (1837,  vol.  1,  p.  436) : 

The  root  of  the  Briarean  Pentacrinite  was  probably  slight,  and  capable  of  being 
withdrawn  from  its  attachment.  The  abeence  of  any  laige  solid  secretionB,  like  those 
of  the  Pear  Eucrinite,  by  which  this  Pentacrinite  could  have  been  fixed  permanently 
to  the  bottom,  and  the  further  ^t  of  its  being  frequently  found  in  contact  with 
masses  of  drifted  wood  converted  into  jet,  leads  us  to  infer  that  the  Briarean  Penta- 
crinite WM  a  locomotive  animal,  having  the  power  of  attaching  itself  temporarily 
either  to  extraneous  floating  bodies,  or  to  rocks  at  the  bottom  of  the  sea,  either  by  its 
side  arms,  or  by  a  movable  articulated  small  root. 

Not  only  did  Buckland  consider  these  forms  free,  but  as  will  be 
shown  subsequently,  in  many  cases  he  supposed  an  epi-planktonic 
existence  to  have  been  assumed  by  the  crinoids. 

Quenstedt  and  de  Loriol  both  predicate  a  free  existence  for  Pentor 
crinus  hriareus  *  and  its  allies,  a  conclusion  in  which  Carpenter  con- 
curs. According  to  Quenstedt  (1876,  p.  271)  he  believed  that  they 
'  *k6ntenn  gleichsam  als  eine  Comatula  betrachtet  werden,  deren  Knopf 
zu  grosserer  Lange  in  einer  Zeit  heranwuchs,  wo  es  noch  keine  eigent- 
lichen  Comateln  gab."  de  Loriol  (1878,  p.  12)  goes  rather  more  into 
detail  relative  to  the  maintenance  of  an  eleutherozoic  habit  by  these 
forms.  It  is  to  be  noted  that  he  offers  a  rather  novel  suggestion 
relative  to  the  method  of  locomotion  in  the  case  of  these  animals. 
He  believes:  ''qu'ils  avaient,  k  I'fitat  adulte,  une  tige  court,  libre,  et 
qu'i  Taide  de  leurs  cirrhes  trfes  nombreux  et  tr&s  longs  ils  pouvaient 
nager  facilement  et  se  transporter,  rapid^ment  peut-6tre,  d'un  lieu  k 
un  autre;  ils  avaient  aussi  la  faculty  de  se  fixer  a  quelque  objet, 
lorsqu'ils  en  avaient  le  d£sir,  au  moyen  des  crochets  dont  est  munie 
Textrfimitfi  de  leurs  cirrhes." 

The  column  of  Pentacrinua  briareus  as  described  by  de  Loriol 
(1884-1889,  p.  385)  is  short  and  composed  of  colunmals  of  uniform 
size.  Each  columnal  is  a  nodal  and  bears  a  verticil  of  cirri.  These 
cirri  are  long  and  highly  specialized.  On  the  whole  this  species 
indicates  a  degree  of  specialization  in  its  adaptation  to  a  detached 
existence  scarcely  approached  by  any  recent  form.  A  column 
essentially  similar  in  structure  has  been  described  by  de  Loriol 
(1878,  p.  7)'  in  the  case  of  Pentctcrinus  dargniesi.  The  stem  in  this 
species  is  held  to  be  short  and  is  thickly  set  with  cirri  which  range 

1  Bather  ( ISS8)  gives  PetUaainnt  briareut  as  a  synonym  otP.foiriUt  of  Blmnenbach.  I  here  use  P.  hrUureui 
as  that  b  the  designation  emplojred  by  the  various  authors  cited.  I,  however,  feel  in  no  wise  competent 
to  pMB  on  the  vaadlty  of  the  name. 
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up  to  100  mm.  in  length,  each  columnal  bearing  a  yertidl.  Although 
a  careful  examination  was  made,  no  signs  of  attachment  were  shown 
by  the  individuals.  It  would  seem  on  the  evidence  of  these  writers 
that  P.  hriareus  and  its  allies  have  essentially  the  same  column 
structure,  and  that  we  may  well  postulate  a  similar  habit  for  such 
forms. 

Structure  of  Pentacrirms  drri, — ^The  cirri  in  the  case  of  these  types 
show  special  and  peculiar  modifications  that  are  well  worthy  of  more 
than  casual  notice.  For  instance  the  cirri  of  Pentacrinua,  as  shown 
by  P.  coUenoti,  indicate  a  degree  of  specialization  scarcely  attained 
by  any  other  stalked  genus.  Figures  of  the  cirri  of  this  species  as 
given  by  de  Loriol  are  here  copied  and  given  on  Plate  5,  figures  1-3. 
It  will  be  noted  that  a  terminal  claw  has  been  developed,  which  in 
itself  is  clearly  indicative  of  a  part  of  the  functions  of  the  cirri.  The 
shape  of  the  constituent  ossicles  is  of  very  great  interest.  Instead 
of  being  round,  they  are  considerably  flattened.  Each  ossicle  at  its 
outer  margins  has  processes  projecting  backward  and  overlapping 
the  next  preceding  ossicle.  There  seems  also  to  have  been  a  less 
pronounced  process  in  the  median  Une  of  each  ossicle.  These  pro- 
cesses and  the  type  of  articulation  indicate  great  flexibility  in  a 
vertical  direction  and  slight  possibilities  of  movement  laterally. 

Function  of  Pentacrinus  cirri, — ^The  high  degree  of  differentiation 
exhibited  by  these  cirri  suggest  that  they  may  well  be  adapted  to 
function  otherwise  than  simply  to  grasp  objects.  Indeed,  a  cirrus 
which  is  circular  or  somewhat  oval  in  section  and  equipped  with  a 
terminal  claw,  would  appear  to  have  the  optimum  structure  for  such 
purposes.  The  flattening  of  the  cirri  would  be  of  no'  particular  value 
in  perfecting  them  as  grasping  organs,  and  the  very  considerable 
development  of  articular  ridges  and  pits  indicates  a  greater  mobility 
than  would  be  developed  were  the  cirri  merely  prehensile  organs. 
Bearing  these  facts  in  mind,  the  suggestion  of  de  Loriol  quoted  above 
relative  to  the  part  the  cirri  may  have  taken  in  effecting  movement 
does  not  seem  wholly  untenable.  Considering  the  very  considerable 
development  of  cirri  on  one  of  these  forms,  both  as  to  length  and  num- 
ber, it  is  conceivable  that  even  a  slow  movement  of  the  cirri  would 
be  of  no  little  value  in  swimming,  the  action  of  the  cirri  tending  to 
elevate  the  crinoid. 

At  first  blush,  it  seems  rather  far-fetched,  perhaps,  to  consider  a 
cirrus  in  any  other  Ught  than  as  a  prehensorium.  When  one  con- 
siders, however,  that  in  its  natural  medium  the  crinoid  is  practically 
without  weight,  it  will  be  seen  that  even  a  moderate  lashing  motion 
of  the  numerous  long  cirri  would  have  a  marked  effect  on  the  animal. 
From  the  observations  made  by  Agassiz  (1888,  vol.  2,  p.  120);  it 
would  appear  that  in  the  recent  hocrinua  decorus  the  cirri  are  capable 
of  very  considerable  activity,  it  being  stated  that  they  move  more 
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rapidly  than  the  arms.  If  actually  assisting  in  the  locomotion  of 
the  animal  it  is  evident^  as  suggested  above,  that  the  cirri  functioned 
merely  in  raising  the  animal  from  the  bottom.  Lateral  motion 
could  only  be  effected  through  the  action  of  the  arms,  which,  on  the 
other  hand,  would  have  slight  value  in  bringing  about  vertical 
movement. 

Effect  of  detachment  on  Tuibits  of  the  Peritacrinida^, — ^The  Ufe  history 
of  the  Pentacrinidffi  as  bearing  on  their  colonial  habit  may  be  dealt 
with  to  better  advantage  in  a  subsequent  paper  where  the  facts 
relating  to  the  segregation  of  the  Crinoidea  are  treated  in  detail.  A 
description  of  the  conditions  under  which  hocrinua  has  been  dredged, 
as  given  by  Agassiz  (1888,  vol.  2,  p.  117),  may  well  be  quoted  at  this 
time,  however,  as  perhaps  indicating  the  general  habits  of  the  detached 
forms.  ''A  similar  entangling  also  occurred  among  the  specimens 
dredged  by  the  Blake,  and  it  was  often  very  difficult  to  separate 
specimens;  the  cirri  of  which  had  become  attached  to  adjoining  stems. 
It  is  possible  that  they  Uve  gregariously,  more  or  less  united  either 
by  the  twisting  of  the  stem  or  the  grappling  of  the  cirri,  and  be  only 
loosely  attached  to  the  ooze  in  which  they  live,  or  anchored  more 
firmly  by  the  terminal  whorl  to  some  projecting  piece  of  rock  or 
gorgonia  stem."  Doderlein  (1907,  p.  30)  has  described  similar 
colonies  in  the  case  of  adult  Metacrinua.  In  this  genus  a  considerable 
length  of  the  distal  portion  of  the  column  lies  horizontally  upon  the 
bottom  and  is  inextricably  entangled  with  the  colunms  of  other 
individuals,  corals,  and  other  Ume-secreting  organisms.  His  descrip- 
tion of  such  a  colony  is  here  given  in  part: 

Da,  wie  es  scheint,  diese  Crinoiden  gewOhnlich  in  grteseren  Mengen  beisammen 
Btehen,  fdrmliche  *' W^der''  bildend,  so  ist  anzunehmen,  dass  die  horizoutaleu  TeOe 
ihrer  Stiele  fiber  und  neben  einander  auf  dem  Boden  liegend,  mit  ihren  imzahligen 
Ranken  in  einander  verkrallt,  ein  unentwirrbares,  innig  zuaammenhfingendesGreflecht 
bUden,  das  als  eine  machtige,&st  unzerreisBbare  Masse  den  Untergrund  eines  Crinoiden- 
waldes  bildet.  aus  dem  sich  dann  die  einzelnen  Kelche  auf  mehr  oder  weniger  langen, 
garaden  Stielen  frei  erheben. 

In  the  case  of  both  hocrinua  and  MetOAirinus  I  hold  that  this 
mutual  entangling  of  the  organisms  follows  a  period  of  complete 
detachment  during  which  a  certain  degree  of  movement  is  possible. 
During  this  period  of  freedom  selective  migration  of  a  more  or  less 
effective  sort  may  take  place. 

In  this  connection  may  be  mentioned  a  curious  beUef  of  the  Japa- 
nese fishermen  relative  to  the  location  of  MetcLcrinus  rotundus.  As  , 
is  well  known  a  large  number  of  the  specunens  of  Meta^mLS  rotundus 
have  been  obtained  by  the  Japanese  fishermen,  who,  upon  hauling 
m  their  enormous  trawls,  occasionally  find  a  Meta^nus  entangled  in 
the  hooks.  In  this  way,  also,  are  obtained  many  of  the  exceedingly 
rare  sponges  and  other  organisms  of  this  region.    I  have  been 
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informed  by  Doctor  Yatsu,  of  the  University  of  Tokio,  that  the 
fishermen  in  laying  out  their  lines  in  a  given  direction  seldom  if  ever 
bring  up  specimens  of  Metacrirms.  On  the  other  hand,  lines  laid  out 
at  right  angles  to  this  direction  frequently  bring  up  specimens. 
This  fact  the  fisherman  explains  by  assuming  that  the  crinoids  are 
aligned  in  long  courses  which  are  some  distance  apart.  When  the 
tackle  is  laid  out  parallel  to  these  lines,  few  crinoids  are  taken,  but 
when  laid  across  them,  the  conditions  are  more  favorable.  When  the 
great  length  of  these  set  lines  is  considered,  for  I  have  been  told  that 
they  are  at  times  a  mile  or  more  in  length,  it  does  seem  surprising 
that  were  the  crinoids  restricted  to  large  roughly  circular  areas,  lines 
set  in  one  direction  would  not  be  quite  as  apt  to  entangle  specimens 
as  those  set  in  another  direction. 

A  semilinear  arrangement  of  small  colonies  rather  than  an  approxi- 
mately radial  one  is  perhaps  not  wholly  in  accord  with  current  ideas 
relative  to  the  distribution  of  the  crinoids,  but  the  facts  as  given  by 
Doctor  Yatsu  are  at  least  worthy  of  consideration.  It  is  possible 
that  such  a  linear  arrangement  might  be  voluntarily  assumed  as 
directly  aflfecting  food  supply.  For  iastance,  rows  of  crinoids  at 
right  angles  to  a  current  would  have  a  far  better  food  supply  than 
closely  segr^ated  groups  of  individuals.  On  the  other  hand,  such 
a  linear  arrangement  of  the  crinoids  may  well  bear  a  direct  relation 
to  the  bathymetric  range  of  the  animals. 

Evolution  of  the  Pentacrinidm. — ^The  evolution  of  the  Pentacrinidaa 
may  only  completely  be  worked  out  with  the  aid  of  extensive  collec- 
tions of  the  fossil  representatives  of  the  family.  As  indicated  by 
Bather  (1900)  we  have  in  all  probability  to  start  with  some  such 
type  as  Do/iocrinus.  We  next  have  Holocrinus  where  the  appearance 
of  verticils  of  cirri  is  to  be  noted.  The  next  stage  is  one  that  ia  more 
distinctively  like  the  typical  members  of  the  family,  and  perhaps  is 
represented  by  BaianocriniLS.  From  such  stock  at  least  two  divergent 
lines  may  be  held  to  have  arisen.  One  line — that  characterized  by 
Pentacrinus — ^is  comparatively  short  Uved  and  terminates  with  the 
group  of  species  characterized  by  P.fossUis  (jbriareus).  On  the  other 
hand,  we  have  the  line  that  for  a  considerable  period  was  no  doubt 
made  up  of  forms  essentially  similar  to  Isocrinua  in  structure.  From 
this  line  probably  are  to  be  derived  the  modem  representatives  of  the 
family. 

Having  demonstrated  the  widespread  occurrence  of  a  free  existence 
in  the  case  of  certain  Uving  Crinoidea  and  their  comparatively  recent 
fossil  representatives,  it  wUl  be  interesting  to  note  similar  instances 
of  a  detached  mode  of  life  among  the  Paleozoic  forms.  Only  those 
cases  will  be  given  at  this  time  that  are  of  unquestioned  standing. 
Subsequently,  in  the  general  treatment  of  eleutherozoic  conditions 
as  they  appear  to  have  obtained  among  the  paleozoic  Crinoidea, 
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those  types  in  which  detachment  is  predicated  on  the  evidence  of 
analogous  structures,  or  for  other  cause,  will  be  discussed.  As  more 
perfect  material  is  secured,  it  is  probable  that  this  list  of  determinable 
free  stalked  crinoids  will  be  appreciably  augmented. 

Mariaerinus. — ^A  number  of  observers  have  noted  that  the  columns 
of  Mariaerinus  are  frequently  found  coiled  in  their  distal  portion. 
No  complete  stems  have  hitherto  been  recorded,  however,  so  it  has 
been  impossible  to  determine  the  significance  of  this  fact.  Several 
specimens  of  Mariacnnua  paucidactyhis  have  recently  come  to  light, 
the  columns  of  which  are  essentially  complete.  From  the  evidence 
afforded  by  this  material  certain  interesting  conclusions  may  be 
drawn  relative  to  the  habits  of  this  species,  and  by  inference,  of 
the  genus. 

In  these  specimens,  which  represent  fairly  mature  individuals,  the 
stem  is  remarkably  short.  It  tapers  evenly  but  with  moderate 
rapidity  distad  and  in  its  extreme  distal  portion  becomes  com- 
paratively tenuous.  In  each  individual  observed,  there  is  a  loop  in 
the  distal  portion  of  the  column  that  forms  at  least  one  complete 
revolution.  There  are  no  radicular  cirri  present,  nor  is  there  any 
evidence  that  such  appendages  ever  existed.  Furthermore,  there  are 
no  signs  of  cementation  by  a  terminal  plate,  though  to  be  sure,  this 
may  have  been  broken  off.  The  columns  as  preserved  indicate  a  fair 
degree  of  flexibility  other  than  is  shown  by  the  looping  noted  above. 

There  can  be  Uttle  doubt  but  that  this  species  led  a  detached 
existence  for  the  greater  part  of  its  Ufe.  The  lack  of  structures 
adapted  to  function  as  organs  of  attachment,  and  the  distal  coiling 
of  the  column  point  strongly  to  thij  conclusion.  Even  were  fixation 
had  by  means  of  a  terminal  plate  present  in  life,  and  not  preserved 
to  us  at  the  present  time,  we  could  scarcely  account  for  the  looping 
of  the  column.  This  is  not  a  feature  such  as  is  shown  by  statozoic 
types.  It  is  probable  that  Mariaerinus  pauddactylus  was  able  to 
move  from  place  to  place  by  means  of  swinmiing  motions  of  its  arms. 
When  the  animal  wished  to  attach  itself  it  could  readily  do  so  by 
looping  the  distal  portion  of  its  stem  about  some  object  on  the  sea 
bottom,  or  perhaps  about  the  column  of  another  individual.  The  bot- 
tom of  the  Helderbergian  sea  was  in  places  literally  covered  with 
prostrate  crinoid  colunms  and  these  at  times  may  well  have  served 
as  points  of  anchorage. 

Looping  ofthe  column  seems  to  have  been  present  in  other  species 
of  MariacrirmSy  and  we  may  be  fairly  safe  in  assuming  that  a  detached 
existence  was  largely  maintained  in  this  genus.  A  notable  instance 
is  that  of  the  type  specimen  of  Mariaerinus  warreni,  which  exhibits 
a  marked  coiling  of  the  distal  portion  of  the  stem.  The  presence  of 
this  character  in  species  ranging  from  the  Niagaran  to  the  Helder- 
beigian  strongly  suggests  that  we  are  dealing  with  a  persistent  and 
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widespread  structural  feature.  Hall  in  the  third  volume  of  the 
"Paleontology  of  New  York"  describes  some  well-developed  roots 
as  pertaining  to  Mariacrirms.  This  reference  has  slight  evidence  in 
its  favor,  and  such  roots  may  well  belong  to  quite  distinct  genera. 
It  is  possible,  however,  that  fixation  by  roots  or  terminal  cementation 
occasionally  became  effective,  and  may  even  have  persisted  the 
greater  portion  of  the  animal's  life. 

Woodocrirms. — ^In  Woodocrinua  Tifw^yrodactylus  from  the  Carbonif- 
erous of  England  we  have  a  type  that  unquestionably  maintained  a 
free  existence.  A  figure  of  this  form  is  here  given,  plate  4,  figure  3, 
as  copied  from  Zittel  (1896),  adapted  from  de  Koninck  (1854). 

It  will  be  noted  that  the  column  is  fairly  stout  in  its  proximal  portion 
and  tapers  rapidly  distad.  It  is  likewise  quite  short.  There  is  no 
evidence  of  attachment  by  cementation  and  there  are  no  cirri  in  the 
distal  portion  of  the  stem.  The  three  cirri  that  are  shown  are  located 
well  up  on  the  column,  and  could  scarcely  have  been  effective  for 
purposes  of  permanent  fixation.  The  distal  portion  of  the  stem 
is  not  shown  as  being  looped  but  from  the  manner  in  which  the  column 
is  flexed  it  would  appear  that  this  portion  might  well  have  been  fairly 
mobile,  and  possibly  prehensile.  The  arms  are  stout,  and  though 
short,  might  well  form  effective  swinmoing  organs.  The  cirri  in 
this  form  are  of  considerable  interest.  Though  not  sufiiciently 
specialized  to  fimction  to  any  extent  as  prehensible  organs,  they 
yet  mark  the  tendency  to  be  noted  in  all  the  detached  stalked  crinoids 
toward  the  acquisition  of  such  appendages. 

Gflyptocrinus. — In  the  form  described  and  figured  by  Miller  (1880, 
p.  233,  pi.  7,  fig.  3  Or-c)  as  Glyptocrinus  schafferi,  which  is  almost 
certainly  the  young  of  Glyptocrinus  dyeri,  we  have  shown  a  most 
remarkable  case  of  temporary  attachment  by  means  of  a  prehensile 
colunm.  This  type  seems  further  to  elucidate  certain  structures 
observed  in  widely  divergent  geological  periods. 

In  this  species,  as  shown  by  figures  3h  and  3c,  the  distal  portion  of 
the  column  is  found  spirally  coiled  about  the  stem  of  an  adult  crinoid. 
As  described  by  Miller  the  Glyptocrinus  stem  tapers  distad  until  it 
becomes  remarkably  tenuous.  In  its  extreme  distal  portion  it  is 
stated  to  be  so  small  as  scarcely  to  be  visible  to  the  naked  eye.  In 
the  specimen  figured  by  Miller  the  colimm  makes  no  less  than  seven 
complete  turns  about  the  supporting  stem.  It  is  obvious,  as  sug- 
gested by  MiUer,  that  the  crinoid  was  a  freely  swimming  form  and 
attached  itself  by  will  by  wrapping  the  prehensile  distal  portion  of 
its  column  about  some  object. 

VniderUijiable  spirdUy  coiled  cdvmns. — In  the  Hamilton,  Niagaran, 
and  at  other  geological  horizons  we  are  well  acquainted  with  other 
similar  spirally  coiled  columns.  In  such  cases,  however,  we  have  no 
means  of  determining  the  identity  of  the  crinoids.    In  many  of  these 
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instances  features  are  to  be  observed  not  to  be  noted  in  the  case  of 
Glyptocrintbs.  Although  capable  of  attaching  and  detaching  them- 
selves at  will,  it  apparently  was  not  unusual  for  the  crinoid  to  remain 
in  any  given  location  for  a  considerable  period  of  time.  As  a  result 
it  frequently  happens  that  we  find  the  coiled  and  supporting  colurons 
fused  together  by  a  secondary  deposit  of  stereom.  In  such  cases  it  is 
no  uncommon  thing  to  find  the  sutures  of  the  attached  columns  com- 
pletely obliterated.  The  supporting  stem  is  as  a  rule  somewhat 
enlarged  in  the  region  where  it  is  inclosed.  In  many  cases  it  appears 
that  the  crinoid  which  had  coiled  itself  about  the  other  colunm, 
voluntarily  detached  itself  prior  to  the  death  of  the  supporting  organ- 
ism. In  other  instances  the  fracture  of  the  two  columns  appears 
equally  sharp  and  indicates  a  simultaneous  disruption. 

Prom  the  wide  geological  range  of  this  structure  we  may  hold  that 
many  crinoids,  particularly  in  their  young  stages,  attached  themselves 
by  wrapping  the  prehensile  distal  portion  of  their  colunms  about  some 
extraneous  object,  preferably  other  crinoid  stems.  In  many,  per- 
haps in  most  cases,  there  was  a  resultant  fusion  of  the  two  stems. 
StiU  later,  the  crinoid  became  detached  and  perhaps  led  a  free  exist- 
ence. In  some  instances  observed  the  large  size  of  the  spirally  wound 
'  colunm^  and  the  fact  that  it  does  not  become  tenuous  in  its  distal 
portion  points  to  the  conclusion  that  this  mode  of  attachment  was 
assumed  by  fairly  adult  individuals  after  a  period  of  freedom. 

MdstigocrimLS, — In  the  case  of  Mastigocrirvus  loreus  Bather  (1892, 
p.  200,  pi.  11,  fig.  3)  describes  and  figures  a  specimen  in  which  the 
stem  is  comparatively  short,  and  smoothly  rounded  off  at  its  distal 
extremity.  It  is  to  be  noted  in  this  individual  that  barring  a  slight 
tapering  in  its  proximal  portion,  the  stem  is  of  notably  uniform 
diameter.  Considering  the  splendid  preservation  of  the  specimen 
there  would  seem  to  be  no  explanation  for  this  termination  other 
than  that  it  is  a  normal  feature,  and  one  acquired  during  the  life  of 
the  organism. 

Calceocrinus. — ^Bather  (1893,  p.  75)  cites  the  case  of  a  (Mceocrirms 
irUerpres  from  the  Silurian  of  Sweden  which  apparently  had  no  per- 
manent distal  attachment.  The  colunm  in  this  specimen  is  44  mm. 
in  length.  In  the  distal  portion  of  the  stem  the  ossicles  diminish 
gradually  in  diameter.  The  last  three  columnals  taper  off  abruptly 
"so  that  the  stem  looks  very  like  a  common  earthworm."  It  is 
evident  that  we  have  here  a  case  of  complete  detachment  of  the 
organism,  which  is  all  the  more  remarkable  when  one  considers  the 
extraordinary  structure  of  the  crinoid  involved.  As  Bather  says,  it 
is  scarcely  safe  to  assume  that  such  detachment  is  normal  to  this 
genus.  If  it  were  capable  of  being  maintained  in  the  case  of  one 
specimen  there  is  no  good  reason  why  it  should  not  be  assumed  by 
other  individuab,  however. 
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Ancyroerinus. — ^Under  the  name  Anqfrocrinvs  (pi.  5,  fig.  9)  Hall 
(1862)  described  a  curious  column  from  the  Hamilton.  The  distal 
extremity  of  the  stem  is  rounded  off  smoothly.  A  short  distance 
from  the  end  is  typically  to  be  found  a  verticil  consisting  of  four 
spur-like  appendages.  These  spurs  may  be  short  and  stout,  as  is 
characteristic  of  the  Hamilton  of  souUiem  Indiana,  or  long  and 
slender,  as  is  shown  by  the  New  York  specimens.  They  are  perforated 
through  the  center  by  a  very  small  canal  which  apparently  does  not 
communicate  with  the  exterior. 

At  times  the  spurs  depart  from  the  normal  arrangement,  where  all 
are  in  the  same  plane,  and  are  yariously  situated  at  different  levels. 
Occasionally  more  than  four  are  present.  However  disposed  verti- 
cally, their  relative  peripheral  arrangement  is  the  same,  the  orienta- 
tion conforming  to  that  of  the  axial  canal.  The  spurs  are  directed 
upward,  and  when  but  four  are  present  the  resemblance  to  a  grapnel 
is  very  marked.  It  is  obvious  that  these  spurs  are  modified  radicular 
cirri,  in  which  all  traces  of  the  original  segmentation  as  a  rule  have 
been  obliterated  by  a  secondary  deposition  of  stereom. 

Bather  (1900)  refers  to  Ancyroerinus  as  the  anchor  of  Myrtmo- 
erinus.  This  reference  is  quite  unsupported  by  known  facts.  Myr- 
HMocrinus  is  foimd  in  America  in  the  Onondaga  limestone  where  no 
signs  of  Ancyroerinus  have  ever  been  seen,  while  in  the  Hamilton,  where 
Ancyroerinus  is  fairly  abundant,  no  trace  of  Myrtillocrinus  has  yet 
been  found.  Moreover,  the  stem  of  Ancyroerinus  is  quadrangular  in 
cross  section,  while  that  of  Myrtillocrinus  is  round.  Furthermore, 
the  size  of  these  grapnels  and  that  of  the  colunm  is  out  of  all  propor- 
tion to  that  of  any  known  Myrtillocrinus  theca. 

We  may  hold,  I  think,  that  this  grapnel  of  Aruyyrocrinus  served 
rather  as  a  drag  and  ballast  than  as  a  true  anchor.  In  a  quiet  sea, 
the  animal  no  doubt  was  steadied  and  maintained  in  a  fairly  stable 
state  by  the  weight  of  the  terminal  organ.  If  affected  by  current  or 
wave  activity,  however,  the  grapnel  might  be  dragged  along  the  bot- 
tom and  aid  appreciably  in  controlling  the  motion  of  the  animal.  As 
will  be  noted  subsequently,  it  is  quite  conceivable  that  the  Paleozoic 
stalked  Crinoidea,  as  well  as  their  modem  representatives,  often  lived 
well  within  the  zone  of  wave  activity.  Under  such  conditions  the 
advantage  of  such  a  drag  is  inunediately  obvious. 

Megistocrinus  or  Dolatocrinus. — In  connection  with  the  curious 
grapnel  of  Ancyroerinus  should  be  noted  certain  colunms  found  in  the 
Hamilton  group  of  New  York  State.  These  colimins  are  referable 
either  to  Megistocrinus  or  Dolatocrinus  in  all  probability.  In  these 
cases,  the  animal  seems  to  have  been  detached  as  the  result  of  a  vio- 
lent disruption.  The  break  took  place  above  the  radicular  cirri,  if 
such  were  present,  for  there  are  no  signs  indicative  of  such  cirri  on 
the  colunms  as  preserved.    The  size  of  the  colimm  and  its  uniform 
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diameter  likewise  indicate  that  the  break  took  place  well  up  on  the  stem. 
Subsequent  to  the  breaking  off  of  the  column,  there  was  a  secondary 
deposition  of  stereom  over  the  fracture.  Lime  continued  to  be 
deposited  until  a  knob  of  very  considerable  size  was  formed  at  the  end 
of  the  stem.  Such  a  knob  is  quite  irregular  in  shape  and  shows  no 
signs  of  cementation  to  the  bottom.  It  apparently  served  as  a  bal- 
last or  drag  for  some  freely  swimming  crinoid. 

Such  structures  recall  the  knobs  formed  at  the  distal  extremities  of 
the  colimins  of  Meiacrinus  and  Isocrinua,  as  reported  by  Carpenter 
and  noted  above.  In  the  latter  cases,  however,  the  deposits  of  lime 
are  of  no  very  great  size,  httle  more  than  plugging  the  axial  canal,  and 
smoothly  rounding  off  the  end  of  the  colunm.  The  curious  object  to 
which  Barrande  (1887,  PI.  4,  III,  figs.  1-6)  gives  the  name  Neocys- 
tiUs  hohemicus  seems  quite  certaioly  to  be  such  another  distal  knob 
formed  over  the  fractured  siuiace  of  a  ruptured  column.  The  stem 
is  unquestionably,  I  believe,  that  of  a  crinoid. 

Herpetocrinus. — ^The  genus  Herpetocrinus  is  here  held  as  a  detached 
form  on  the  authority  of  Bather  (1893  and  1900).  In  this  genus  the 
column,  which  is  a  most  remarkably  modified  organ,  is  coiled  about 
the  body  of  the  crinoid,  the  coiling  taking  place  in  a  single  plane. 
Along  a  very  considerable  portion  of  the  stem  there  are  borne  two 
rows  of  cirri,  which  are  given  off  toward  the  inner  portion  of  the  coil. 
In  Herpetocrinus  as  found,  the  crown  lies  entirely  concealed  between 
these  rows  of  cirri. 

It  is  evident  under  normal  living  conditions  that  the  crinoids  did 
not  maintain  this  close  coiling  of  the  column,  which  was  probably 
only  assumed  in  case  of  irritation.  It  is  likewise  obvious  that  the 
plane  of  coiling  could  scarcely  be  that  of  the  sea  bottom.  We 
must  then  assume  when  the  animal  was  temporarily  attached  that 
it  grasped  some  object  with  the  cirri  of  the  distal  portion  of  the 
colunm,  an  erect  position  being  maintained.  At  special  times  the 
animal  could  retract  and  assume  a  closely  coiled  position.  The 
advantages  of  this  coiling  are  not  on  the  whole  immediately  obvious. 
A  somewhat  similar  structure  is  to  be  observed  among  the  Camerata, 
in  the  case  of  CamptocriTms,  so  the  modification  appears  to  have  some 
good  reason  for  its  existence,  divergent  from  the  normal  tendency 
though  it  be.  It  can  scarcely  be  considered  as  purely  protective,  for 
why  should  one  genus  acquire  such  highly  specialized  protective 
structures  when  the  associated  organisms  apparently  have  no  need  for 
anything  of  the  sort,  and  when  the  physical  conditions  of  environ- 
ment appear  to  be  quite  normal! 

It  seems  probable  during  the  greater  portion  of  the  life  of  this  form 
that  a  detached  existence  was  maintained,  and  that  attachment 
when  effective  was  but  temporary,  and  brought  about  through  the 
clasping  action  of  the  cirri.    It  is  interesting  in  this  connection  to 
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note  that  some  of  the  cirri  in  the  distal  portion  of  the  column  are 
longer  than  the  remainder,  indicating  that  they  were  specially  modi- 
fied as  graspmg  organs.  The  comparatiyely  minute  size  of  the  crown 
and  the  extraordinary  development  of  cirri  suggest  that  the  activity 
of  the  latter  organs  may  have  been  of  no  small  service  in  the  propul- 
sion of  the  animal.  Bather  (1893)  has  suggested  that  the  alternate 
spring-like  action  of  coiling  and  uncoiling  on  the  part  of  the  stem 
may  have  brought  about  movement. 

Brachiocrinus. — BracJdocrinus,  of  which  probably  only  portions  of 
the  column  are  known,  undoubtedly  was  not  permanently  affixed. 
I  have  examined  the  distal  portions  of  several  BrticTiiocTinua  columns 
and  in  each  instance  have  found  the  same  fused  into  a  small  knob 
(PL  5,  fig.  8)  and  showing  no  signs  of  cementation. 

Brachiocnnus  is  structurally  similar  to  Herpetocrinus  in  that  the 
column  bears  two  rows  of  cirri.  These  are  much  heavier  than  in 
the  case  of  Herpetocrinus  and  are  composed  of  bead-like  ossicles.  The 
column  is  round,  and  it  does  not  seem  wholly  certain  that  any  but  the 
distal  portion  bears  lateral  appendages.  In  one  or  two  instances 
the  portion  of  the  column  preserved  appears  involute.  This  coiling 
suggests,  however,  that  the  distal  portion  of  the  column  forms  the 
center  of  *the  coil,  and  not  the  proximal  end,  with  the  attached  crown. 
If  such  be  the  case,  we  must  consider  Brachiocrinus  as  having  the 
costal  portion  of  the  colimm  flexible,  more  or  less  prehensile,  and 
occasionally  involute.  For  a  short  distance  up  the  colxmui  is  a 
double  row  of  cirri,  by  means  of  which  objects  could  be  grasped.  So 
considered  BracTdocrinua  is  not  closely  comparable  to  Herpetocrinus, 
as  has  hitherto  been  thought. 

MittericriTms  prdUii. — ^In  the  case  of  MiOericrinus  praUii,  from  the 
Jurassic,  we  have  one  of  the  most  remarkable  manifestations  of  an 
eleutherozoic  habit  to  be  noted  among  the  stalked  Pelmatozoa. 
Indeed,  according  to  the  classification  here  employed,  it  is  a  matter 
of  no  Uttle  uncertainty  as  whether  to  place  MiUericrinus  prattii  in 
this  or  the  succeeding  group.  Dependent  upon  the  variable  degree 
of  specialization  shown  by  certain  individuals,  the  species  might 
indifferently  be  placed  in  either  division.  In  all  the  preceding  types 
we  may  note  that  the  column  is  persistently  present.  It  is  moreover 
functional  to  a  certain  degree,  acting  as  a  ballast,  drag,  or  organ  of 
attachment  for  the  organism.  In  this  species,  however,  there  is  a 
strong  tendency  toward  the  complete  elimination  of  the  column. 
This  form  has  been  excellently  figured  and  described  by  Carpenter 
(1882).  Several  of  his  figures  are  reproduced  here  on  Plate  6.  The 
characters  shown  by  this  species  are  apparently  distinctive  and  not 
common  to  any  other  member  of  the  genus. 

The  column  is  round  and  tapers  quite  rapidly  distad.  The  longest 
stem  noted  is  a  trifle  more  than  50  mm.  in  length  in  the  case  of  the 
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English  specimens.  In  a  specimen  from  France  referred  to  this 
species  Carpenter  gives  the  column  a  length  of  somewhat  more  than 
60  mm.  In  any  case  the  column  at  its  maximum  is  remarkably 
short  and  probably  scarcely  exceeds  the  length  of  the  crown.  In  the 
majority  of  figures  given  by  Carpenter  there  is  no  sign  of  basal 
attachment.  In  the  case  of  one  column,  however  (1882,  PL  1,  fig.  5), 
there  seems  to  have  been  cementation  or  possibly  attachment  by 
lateral  root-like  processes.  It  is  probable  that  in  all  cases  observed 
other  than  this  the  animals  were  detached.  In  one  specimen  figured 
by  Carpenter  there  is  a  slight  flexure  of  the  distal  end  of  the  column 
suggesting  thal^  this  portion  was  prehensile  and  possibly  employed 
for  looping  about  some  object  as  in  forms  elsewhere  noted.  The 
colimm  in  this  individual  is  comparatively  small.  The  most  striking 
feature  in  connection  with  the  stems  of  this  species  is  their  extremely 
variable  length.  This  varies  from  a  colxmm  having  about  70  ossicles 
to  one  consisting  of  but  a  single  columnal.  Various  intermediate 
stages  are  represented.  From  the  facts  as  we  have  them  it  seems 
probable  that  the  shortening  of  the  column  as  shown  in  these  forms 
is  due  to  the  dropping  off  of  some  of  the  distal  columnals  accompanied 
by  more  or  less  resorption.  It  does  not  necessarily  follow,  however, 
that  this  resorption  is  as  a  rule  other  than  purely  local  in  its  action 
and  is  effective  merely  in  rounding  off  the  terminal  ossicles.  When 
the  stump  of  the  colunm  is  unusually  short,  resorption  seems  to  affect 
all  the  ossicles  to  the  extent  of  forming  them  into  a  subconical  knob 
(PI.  6,  fig.  1).  The  probable  steps  in  the  process  by  which  this  short- 
ming  of  the  column  is  brought  about  will  be  given  later. 

The  process  by  which  freedom  was  attained  by  MiUericrimis 
praUii,  and  the  changes  through  which  the  animals  subsequently 
passed  as  regards  the  structure  of  the  column,  hold  no  small  interest 
for  us,  for  in  this  process  we  probably  see  outlined  the  phylogenic 
history  of  the  assumption  of  an  eleutherozoic  habit  by  the  ComatulsB. 
Indeed,  were  MillencrintLS  to  have  possessed  cirri,  there  is  small 
doubt  but  that  this  very  species  would  have  formed  the  radicle  of  a 
line  essentially  comatulid  in  habit,  and  perhaps  of  considerable  vigor. 
Detachment  from  the  cemented  base  probably  did  not  take  place 
very  early  in  the  life  of  MiUericrinus  praMi:  perhaps  at  a  not  much 
younger  stage  than  is  figured  by  Carpenter  (1882,  PI.  1,  figs.  6  and  8). 
It  should  be  noted,  by  the  way,  that  in  the  case  of  all  the  fairly  long 
columns  figured  by  Carpenter  the  stems  are  transversely  fractured 
other  than  at  the  distal  extremity,  and  the  parts  somewhat  thrown 
out  of  line.  This  separation  of  the  column  comes  at  various  altitudes, 
in  one  instance  (1882,  PL  1,  fig.  8)  being  quite  near  the  crown.  It 
is  evident  that  the  union  between  the  columnals  is  not  a  strong  one 
at  best.  Furthermore,  disruption  may  apparently  take  place  at 
94428«»— Ploc.N.M.voL41— 11 i 
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any  point;  not  being  confined  to  a  syzygy  as  ixjt  the  case  of  the 
Pentaorinidsd. 

-  Perhaps  the  most  important  question  relative  to  the  shortening  of 
the  coiwnn  is  as  to  whether  the  extremely  abbreviated  stems,  as 
shown  in  figures  1  and  3,  Plate  6,  were  produced  directly  by  the 
detachment  of  practically  the  entire  coliunn,  or  whether  the  stem 
was  .shortened  by  degrees.  Doubtless  the  primary  disruption  fre- 
quently took  place  well  up  in  the  proximal  portion  of  the  column,  but 
in  some  cases  where  it  did  not  we  may  well  conceive  of  secondary 
shortening  having  occurred.  In  a  highly  specialized  type  we  might 
well  look  for  the  fracture  consistently  to  occur  in  the  inmiediate 
proximal  portion  of  the  column.  In  this  species,  however,  we 
should  expect  the  location  of  the  Une  of  separation  to  be  largely 
fortuitous.  So  far  as  our  knowledge  of  the  species  goes,  it  appears  in 
a  general  way  that  the  older  the  specimen  the  shorter  the  stem.  This 
would  surely  indicate  a  shortening  of  the  column  subsequent  to  the 
primary  detachment  of  the  organism,  if  found  to  be  constantly  true. 

If  the  abbreviation  of  the  colunm  has  been  brought  about  by  more 
than  one  disruption,  such  action  should  take  place  in  one  of  two 
ways.  In  the  first  place  we  could  have  a  shortening  through  the 
alternate  fixation  and  detachment  of  the  organism.  The  other 
method  would  be  simply  the  dropping  off  of  some  of  the  distal  col- 
umnals.  A  shortening  of  the  column  by  the  first  method  seems  to  be 
shown  by  the  specimen  previously  referred  to  as  being  the  only  one 
in  which  attachment  has  been  found.  The  column  in  this  individual 
is  of  considerable  size  and  would  seem  to  indicate  reattachment  sub- 
sequent to  a  period  of  freedom;  this  in  turn  being  followed  by  the 
detachment  of  the  organism.  Again,  Carpenter  says  in  regard  to  the 
distal  portions  of  some  of  the  columns  that  the  sutures  are  somewhat 
obscured  and  smoothed  over.  This  indicates  perhaps  not  so  much 
resorption  as  proximity  to  a  point  of  attachment.  The  gradual  loss 
of  the  major  portion  of  the  column  by  the  successive  shedding  of 
columnals  is  quite  within  the  bounds  of  possibility  and  would  unfor- 
tunately leave  no  distinguishing  marks.  One  may  not  conceive,  how- 
ever, of  this  process  taking  place  by  gradual  resorption  and  the  loss  of 
one  or  two  columnals  at  a  time.  The  specimens  indicate  an  abrupt 
separation  of  the  column,  resorption  playing  a  purely  secondary  and 
minor  part. 

A  very  interesting  result  of  this  more  or  less  complete  elimination 
of  the  column  is  the  formation  of  a  type  closely  comparable  to  the 
members  of  Group  II.  On  Plate  6,  figure  4,  may  be  seen  a  form  in 
which  but  a  single  partially  resorbed  ossicle  remains  attached  to  the 
proximal  colunmal.  In  figure  6  this  process  has  been  carried  still 
further,  resulting  in  the  complete  loss  of  the  column  with  the  excep- 
tion of  the  proximale.     It  is  to  be  noted  that  all  traces  of  the  axial 
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canal  and  surface  features  of  the  inferior  face  of  this  ossicle,  such  as 
are  shown  in  figure  5,  have  been  filled  and  smoothed  over  by  a  sec- 
ondary deposit  of  calcareous  matter.  The  modified  channel  as  thus 
formed  simulates  a  centrale  to  a  remarkable  degree.  It  may  not  be 
styled  a  centrale,  however,  for  it  is  a  modified  columnal,  which  a  cen- 
trale is  not,  as  will  subsequently  be  shown.  The  proximale  of 
MiJlericrinua  and  such  stumps  of  columns  as  are  illustrated  by  fig- 
ures 1  and  3  are  directly  comparable  with  the  centrodorsal  of  the 
comatulids,  however,  and  are  the  result  of  practically  an  identical 
process  working  on  colimms  of  different  yet  not  greatly  unrelated 
types.  The  differences  in  the  two  cases  are  simply  those  of  degree 
of  specialization  of  the  columns  involved. 

Hie  whole  tendency  to  be  noted  within  this  species  seems  to  be 
toward  the  elimination  of  the  colunm.  It  is  of  very  great  interest, 
then,  to  observe  in  practically  all  of  the  specimens  figures  by  Car- 
penter that  even  in  the  shortened  column  there  is  a  distinct  counter- 
tendency  toward  a  lengthening  of  the  stem  by  the  iatercalation  of 
new  columnals.  In  some  of  the  specimens  this  addition  of  new 
ossicles  is  quite  marked,  as  in  figure  1,  Plate  1,  of  Carpenter's  paper. 
Relative  to  the  iatercalation  of  new  ossicles  in  the  stem,  there  are 
features  of  no  small  interest  to  be  noted  in  connection  with  the 
structure  of  the  proximal  colunmal. 

Structure  of  ffie  '^ proximale^'  in  Millericrmus. — ^Wachsmuth  and 
Springer  (1897)  and  Bather  (1900)  have  placed  the  ApiocrioidsB  in 
the  Flexibilia  Pinnata,  doubtless  on  the  supposition  that  there  is  a 
proximale.  According  to  thefigxires  of  Carpenter  (1882),  it  does  not 
seem  that  there  is  such  a  persistent  columnal  in  MiMencrinus  prattii. 
On  the  contrary,  it  would  appear,  as  Carpenter  himself  notes,  that 
there  frequently  is  to  be  observed  the  formation  of  a  new  ossicle 
between  the  basals  and  what  was  formerly  the  proximal  colimmal. 
Figures  11,  206,  and  17,  as  given  by  Carpenter,  may  well  indicate  the 
successive  stages  by  which  the  external  appearance  of  such  a 
columnal  is  marked.  At  first  between  and  beneath  the  basals  appear 
small  subtriangular  plate-like  patches.  These,  as  Carpenter  says, 
are  certainly  not  infrabasab.  In  figxire  206,  as  shown  in  the  right- 
hand  portion  of  the  figure,  it  would  appear  that  the  radial  patches 
had  run  together  beneath  the  basals  in  certain  portions  of  the 
periphery.  In  figure  17  there  seems  to  be  a  continuous  plate  formed. 
In  this  figure  it  is  interesting  to  note  that  those  portions  of  the  plate 
lying  between  the  basals  are  of  considerably  greater  height  than  the 
intermediate  connecting  portions  lying  directly  beneath  them. 
This  clearly  indicates  the  formation  of  the  columnal  by  such  a  series 
of  stages  as  has  been  outlined.  It  would  appear,  then,  that  at  least 
during  certain  stages  of  the  growth  of  Millericrin/us  prattii  new 
columnals  were  formed  inunediately  beneath  the  basals. 


Digitized  by 


Google 


52  PROCEEDINGS  OF  THE  NATIONAL  MUSEUM.  vol.41. 

Possible  appearance  of  infiraJnisdls  externally  in  MiUeriennus  and 
Apiocrinibs. — ^A  very  interesting  feature  is  shown  by  certain  of  these 
specimens,  as,  for  example,  figures  1,  3,  and  4,  in  the  appearance 
within  the  cup  of  certain  apparently  incongruous  plates.  Similar 
plates  are  to  be  noted  in  Apiocrinus,  as  shown  in  figures  7  and  8, 
which  are  copied  from  de  Loriol.  These  represent  A.  degans  and  A. 
roissyanus.  The  presence  of  such  plates  has  been  noted  from  the 
earliest  times  and  by  a  considerable  number  of  writers.  No  one 
apparently  has  endeavored  to  accoimt  for  them  except  as  being  abnor- 
malities.   Carpenter  (1882,  p.  35)  says: 

I  can  form  no  idea  as  to  the  meaning  of  these  accessory  plates;  they  are  evidently 
without  any  morphological  importance,  or  they  would  be  more  constant  in  their 
occurrence. 

As  here  held,  these  plates  have  a  definite  morphic  significance.  In 
brief,  I  consider  them  to  be  infrabasals.  The  curious  occurrence  of 
these  plates  is  due  to  the  structure  of  the  base.  It  will  be  noted  in 
figure  12  as  given  by  Carpenter,  or  in  any  figures  of  the  proxLmal 
columnal  of  Apvoerinus  figured  by  various  authors,  that  this  ossicle 
extends  far  up  within  the  cavity  formed  by  the  basals.  The  infra- 
basals where  observed  he,  as  they  necessarily  should,  at  the  extreme 
apex  of  this  subpyramidal  plate.  This  gives  them  a  horizontal  posi- 
tion of  approximately  that  of  the  top  of  the  basals,  or  even  higher. 
It  may  readily  be  seen  if  for  any  reason  these  infrabasals  should 
become  hypertrophied  and  extend  outward  to  the  surface  of  the 
theca  that  they  would  appear  either  between  the  basals  or  at  the 
juncture  of  the  basals  and  radials.  The  extension  of  these  plates 
downward  so  as  to  come  in  contact  with  the  proximal  colimmal  in  an 
external  view  may  perhaps  be  considered  a  secondary  feature.  How- 
ever, this  condition  might  be  reversed  were  the  infrabasals  to  extend 
outward  at  a  much  earlier  stage  in  the  ontogeny  of  the  crinoid.  This 
may  account  for  the  conditions  as  we  find  them  iq  Apiocrinus  rois- 
syanus  (PI.  6,  fig.  7),  although  one  hesitates  to  deny  that  the  struc- 
ture here  observed  may  represent  the  formation  of  a  new  proximal 
coliunnal,  after  the  manner  of  MiUericrinus  prattii. 

This  hypothesis  relative  to  the  identity  of  these  plates  with  the 
infrabasab  is  not  perhaps  capable  of  demonstration  without  the  care- 
ful dissection  of  a  theca  showiag  such  structiu-es.  It  is,  however, 
inconceivable  that  the  plates  can  represent  anything  else.  The  rea- 
son for  such  an  appearance  of  the  infrabasals  is  not  obvious.  The 
sporadic  appearance  of  entirely  new  plates  is  even  more  iaexplicable, 
however.  It  must  be  borne  in  mind  that  the  forms  which  show  such 
plates  are  near  the  ends  of  their  respective  lines,  and  it  is  among  such 
types  that  unusual  structural  features  are  apt  to  appear. 

The  rdatioThships  of  MiUericrmus. — ^The  relationships  of  MtUeri- 
crinm  have  received  but  scant  attention,  particularly  as  r^ards  the 
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antecedent  types.  As  noted  above,  because  of  the  supposed  posses- 
sion of  a  persistent  proximal  columnal  the  genus  has  been  placed 
within  the  Flexibilia.  The  vaUdity  of  the  grouping  upon  which  the 
order  Flexibilia  rests  will  be  discussed  more  at  length  during  a  con- 
sideration of  the  aJBGuiities  of  the  members  of  Group  II.  In  this  con- 
nection will  be  given  a  more  detailed  discussion  of  the  homologies  of 
the  proximale  and  its  value  in  classification.  As  has  been  described 
above,  there  seems  every  reason  to  believe  that  in  the  case  of  MiUerir 
crinvs  there  is  no  justification  of  this  reference,  inasmuch  as  new  col- 
umnals  seem  to  be  formed  immediately  beneath  the  basals.  The 
structure  of  Millericrimis  seems  to  point  strongly  to  a  derivation  not 
far  out  of  the  line  from  which  the  PentacrinidaB  were  evolved.  In  any 
case  I  can  see  but  slight  reason  for  removing  the  Apiocrinidse  from  the 
Inadimata.  One  of  the  main  difficulties  in  the  discussion  of  the 
genus  is  the  apparently  heterogenous  character  of  the  forms  referred  to 
MiUerierinus  by  de  Loriol.  It  is  evident  that  we  have  here  included 
highly  divergent  types,  and  until  these  have  been  resolved  into  their 
proper  groups  by  a  careful  study  of  the  material  we  can  get  but  an 
imperfect  idea  as  to  the  status  of  the  various  types. 

EpirjpiaThkton:  Pentacrinua. — ^Whereas  the  majority  of  the  crinoids 
upon  temporarily  abandoning  their  sessile  habits  Uve  as  vagile  benthos, 
a  few  assume  the  somewhat  surprising  r6le  of  epi-plankton.  As  has 
been  noted  above,  Buckland  (1837,  p.  437),  in  addition  to  postulating  a 
detached  existence  for  Pentomnt^,  assumed  that  in  many  instances  the 
animals  attached  themselves  to  drifting  bits  of  wood  and  were  then 
carried  from  place  to  place.  The  argiunents  for  such  a  mode  of 
life  can  scarcely  be  better  presented  than  in  the  words  of  Buckland 
himself: 

The  epecimen  of  Briarean  Pentacrinite  at  Plate  52,  figure  3,  from  the  Lias  at  Lyme 
Regis,  adheres  laterally  to  a  portion  of  imperfect  jet,  which  forms  part  of  a  thin  bed  of 
lignite  in  the  lias  marl  between  Lyme  and  Charmouth. 

Throughout  nearly  its  whole  extent  Miss  Anning  has  constantly  observed  in  this 
lignite  the  following  curious  appearances :  The  lower  surface  only  is  covered  by  a 
stratum  entirely  composed  of  Pentacrinitesj  and  varying  from  one  to  three  inches  in 
thickness ;  they  lie  nearly  in  a  horizontal  position,  with  the  foot  stalks  uppermost, 
next  to  the  lignite.  The  greater  number  of  these  Pentacrinites  are  preserved  in  such 
high  perfection  that  they  must  have  been  buried  in  the  clay  that  now  invests  them 
before  decomi>osition  of  their  bodies  had  taken  place.  It  is  not  uncommon  to  find 
large  slabs  several  feet  long  whose  lower  surface  only  presents  the  arms  and  fingers  of 
these  fossil  animals,  expanded  like  plants  in  a  Hortus  Siccus,  whilst  the  upper  surf&ce 
exhibits  only  a  congeries  of  stems  in  contact  with  the  under  surface  of  the  lignite. 
The  greater  number  of  these  stems  are  usually  parallel  to  one  another,  as  if  drifted 
in  the  same  direction  by  the  current  in  which  they  last  floated. 

The  mode  in  which  these  animal  remains  are  thus  collected,  immediately  beneath 
the  lignite  and  never  on  its  upper  surface,  seems  to  show  that  the  creatures  had 
attached  themselves  in  large  groups  (like  modem  barnacles),  to  the  masses  of  floating 
wood,  which,  together  with  them,  were  suddenly  buried  in  the  mud,  whose  accumu- 
lation gave  origin  to  the  marl,  wherein  this  curious  compound  stratum  of  animal  and 
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vegetable  remaina  is  embedded.  Fngments  of  petrified  wood  occur  also  in  the  Lias, 
having  large  groups  of  Mytili,  in  the  position  that  is  usiially  assumed  by  recent 
mytili,  attached  to  floating  wood. 

I  have  examined  similarly  preserved  material,  and  attached  to  one 
bit  of  wood  not  more  than  15  inches  in  length  by  3  inches  in  diameter 
there  were  to  be  found  20  or  more  PerUacriivua.  Walther  has  brought 
forward  similar  evidence  relative  to  the  fossil  PentacrinidsB.  It  is 
probable  in  such  cases  that  the  attachment  was  not  one  of  cements^ 
tion.  Although  the  nature  of  the  association  could  not  be  accurately 
determined  in  the  material  examined,  it  seems  highly  probable  that 
attachment  was  had  by  means  of  the  radicular  cirri.  Walther  con- 
siders the  crinoids  to  have  wound  their  stems  about  the  drifting  wood, 
as  may  well  have  been  the  case  in  some  instances.  As  he  shows,  the 
attachment  was  so  firm  that  frequently  the  crinoids  were  carried  up 
into  brackish  or  fresh  water  embayments,  where  they  were  deposited 
in  the  coal  beds  then  forming.  In  such  cases  the  driftwood  with  the 
appendedi^twoids  may  well  have  been  driven  in  by  storms. 

It  mfty  be  ai^ed  that  in  the  cases  above  cited  the  wood  to  which 
the  crinoids  were  attached  was  not  floating  at  the  siurface,  but  had 
become  water-lo^ed  and  sunk  to  the  bottom.  Indeed,  it  is  hard  to  see 
how  the  crinoids  primarily  became  attached  to  the  wood,  providing  the 
latter  were  at  the  time  freely  floating.  Although  one  may  concede 
considerable  freedom  of  motion  to  the  vagrant  stalked  crinoid,  it  does 
not  seem  probable  or  possible  that  the  forms  could  swim  freely  at  the 
surface.  The  mero-planktonic  larvse  apparently  offer  the  most  fea- 
siUe  solution  of  the  problem,  but  here  another  factor  must  be  con- 
sidered, and  that  is  the  length  of  time  wood  will  float.  Obviously  in 
the  present  instance  the  period  would  have  to  be  of  sufficient  length 
to  permit  of  the  maturation  of  the  crinoid  from  an  early  larval  stage. 
The  ailments  presented  by  Buckland  and  quoted  above  seem  fairly 
conclusive  that  the  wood  with  its  pendant  crinoids  did  float  at  the 
surface.  The  evidence  brought  forward  by  Walther  likewise  tends 
to  prove  that  the  crinoids  were  true  epi-plankton.  Were  this  not 
the  case,  it  would  obviously  be  impossible  for  the  crinoids  to  have 
been  driven  into  the  brackish-water  deposits  where  they  were  found. 
If  this  be  true,  it  seems  probable  that  the  animals  had  passed  the 
greater  portion  of  their  lives  so  attached. 

Plankton:  Scyphocrinus. — Unquestionably  the  widest  deviation 
from  the  normal  habit  of  the  stalked  Crixxoidea  is  to  be  found  in  the 
case  of  the  genus  Scyphocrinvs.  For  a  crinoid  to  assume  the  r61e  of  a 
vagile  benthos  is  not  remarkable,  and  indeed  one  is  not  surprised  to 
find  an  epi-planktonic  existence  sporadically  maintained,  as  in  the 
case  of  Pentacrinus.  To  find  a  stalked  crinoid  acquiring  such  struc- 
tures as  enable  it  to  maintain  a  truly  planktonic  existence,  however, 
is  a  moit  anomalous  condition  of  affairs.  Nevertheless,  such  we  find 
to  be  the  case  in  ScypTiocrimis, 
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The  question  as  to  the  relationship  of  Scyphocrinus  to  the  curious 
bodies  described  as  Cijmarocrinus  by  Hall  and  Loholithus  by  Bar- 
rande  has  never  satisfactorily  been  decided.  The  latest  author 
(Schuchert,  1904)  to  deal  with  the  subject  leaves  the  matter  open  for 
further  evidence.  He,  however,  inclines  to  the  behef  that  ^'Camaro- 
erinus''  is  the  distal  expansion  of  a  crinoid  stem.  This  crinoid,  in  his 
opinion,  may  or  may  not  be  Scyphocrirms.  I  have  recently  deter- 
mined Seyphocrinus  from  the  ** Canutrocrinus^'  beds  of  Oklahoma, 
western  Tennessee,  and  West  Virginia.  The  material  is  in  an  excel- 
lent state  of  preservation  and  there  is  no  question  as  to  its  generic 
affinities.  The  specimens  are  closely  associated  with  "Camarocri- 
mi8,''  in  some  cases  the  crinoid  lying  in  contact  with  fragments  of  the 
bulb.  The  finding  of  Scyphoerinus  associated  with  '^Camarocrinus*' 
in  such  widely  separated  regions  as  Bohemia,  Tennessee,  Oklahoma, 
and  West  Virginia  is  practically  proof  positive  that  the  bulb  '^Camor- 
Tocrimis^'  is  a  part  of  the  crinoid  Seyphocrinus.  Of  the  fact  that 
^^OanuirocTvma''  forms  the  distal  extremity  of  a  crinoid  stem  there 
can  be  no  question. 

Schuchert  (1904,  p.  268)  points  out  that  the  one  "weak  point  in 
the  aigument  that  Camarocrinus  is  the  float  or  specialized  root  of  a 
<»inoid"  lies  in  the  fact  that  there  are  no  beds  bearing  quantities  of 
Scyphocrimia  crowns  to  correspond  with  those  beds  bearing  vast 
numbers  of  Camarocrinus,  The  reason  is  obvious.  Let  it  be  assumed 
that  ScyphocrimAS  was  a  floating  organism,  and  pelagic  in  habitat. 
Upon  the  death  of  the  animal,  as  is  well  argued  by  Schuchert,  the 
erown  and  stem  would  drop  oflF,  leaving  the  bulb  free.  The  point  is 
that  the  decay  of  the  tissues  would  probably  result  first  in  the  disin- 
tegration of  the  arms,  next  the  disarticulation  of  the  constituent 
elements  of  the  theca,  and  finally  in  the  breaking  up  of  the  stem. 
The  result  of  such  a  process  would  be  the  widespread  dissemination 
of  crown  and  stem  fragmwts.  Under  exceptional  conditions  the 
theca  might  separate  from  the  stem  while  still  intact  and  be  so  pre- 
served. Again,  the  segregation  of  bulbs  indicates  that  they  were 
pocketed,  as  it  were,  in  an  area  of  comparatively  quiet  water  after 
having  been  transported  by  current  or  wind  action.  The  animals 
themselves  might  well  have  been  pelagic  organisms,  Uving  far  out  in 
areas  still  covered  by  the  ocean.  If  so,  the  crown  and  stem  might 
have  been  lost  in  most  cases  before  coming  within  the  range  of  known 
deposits. 

Both  Jahn  and  Jaekel  (in  Schuchert,  1904,  p.  259)  consider  it 
probable  that  the  bulbs  may  belong  to  different  genera  of  crinoids. 
Schuchert  favors  this  view  ako.  Jaekel's  point  of  view  may  be 
summed  up  in  his  own  words: 

I  am  still  the  more  convinced  that  they  are  bladder-like  developments  of  roots. 
These  at  all  times  had  an  indifferent  character  and  under  similar  local  conditions 
did  develop  rimilar  forms  at  very  diverse  places  in  the  Pebnatazoa. 
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Apparently  the  main  objection  to  referring  all  the  ''CafMirocrimLs" 
to  Scyphocrimis  lies  in  the  vertical  range  of  the  forms.  Putting  aside 
the  Bohemian  beds/  the  correlation  of  which,  with  American  forma- 
tions, can  be  but  approximate  at  best,  we  have  **  Camarocrimis^' 
ranging  from  the  late  ManUus  into  what  is  correlated  with  the  lower 
New  Scotland.*  This  is  certainly  not  an  excessive  vertical  range  for 
a  crinoid  genus.  On  the  other  hand,  the  possibiUty  of  the  acquisi- 
tion of  such  a  highly  specialized  organ,  which  is  without  a  close 
parallel  in  all  the  Pehnatozoa,  as  a  result  of  parallelism  or  converg- 
ence, is  beyond  the  bounds  of  legitimate  speculation.  It  is  probable 
that  during  the  long  period  of  time  in  which  this  highly  specialized 
float  was  being  evolved  sufficient  changes  may  have  taken  place  in 
the  crown  to  warrant  generic  separations.  Among  the  forms  as  we 
know  them,  however,  the  float  has  essentially  the  same  structure,  and 
it  seems  probable  that  the  animals  themselves  did  not  vary  greatly. 
Again,  the  Bohemian  occurrence  is  considered  the  lowest,  while  the 
Teimessee-Oklahoma  occurrence  is  at  the  highest  known  horizon  in 
which  '^ Camarocrinus''  occurs.  If  the  crinoids  to  which  the  floats 
belong  are  referable  to  the  same  genus,  even  though  found  at  the 
extremes  of  the  geological  range  of  ''CanujarocrimbS,''  there  seems  no 
way  of  escaping  the  conclusion  that  the  intermediate  forms  likewise 
must  be  considered  as  belonging  to  Scyphocrvwaa.  It  seems  as  firmly 
established,  then,  as  such  a  thing  may  well  be,  that  the  bodies  known 
as  Camarocrinua  or  Loholithus  are  the  distal  expansions  of  ScypTuh 
crinus  stems. 

Schuchert  (1904)  has  so  thoroughly  described  the  structure  of  these 
loboUths  that  there  is  little  more  to  be  said  in  that  regard.  More 
recently  Sardeson  (1908)  has  written  in  regard  to  these  bodies,  par- 
ticularly as  to  their  evolution.  An  extended  discussion  of  the  subject 
is  somewhat  out  of  place  in  the  present  paper  and  will  be  reserved 
until  such  time  as  the  species  of  Scyphocrinus  in  America,  of  which 
there  are  no  less  than  four,  are  described.^ 

1  Filtsch  (1907,  p.  5)  has  described  and  figured  a  large  rou^y  lobate  object  from  a  qnartsfte  of  Etage  D 
as  dmaroerimu  {LoboiUhet)  quanUarum,  The  nodular  mass  Is  some  21  cm.  In  breadth  by  15  cm.  In  length, 
and  seems  to  be  divided  Into  five  iiregular  lobes.  There  Is  apparently  no  good  reason  for  considering  this 
mass  other  than  In  the  light  of  a  quartzltio  concretion.   It  certainly  bears  no  relation  to  "  Oamaroainw.** 

t  In  connection  with  the  remarkable  habits  of  ScypAooimcs  should  be  noted  an  Interesting  feature  occa- 
sionally shown  by  the  stalked  young  oiAtUedon  bifida  (rotoeea).  Mr.  A.  H.  Qark  has  called  my  attention  to 
a  passage  by  W.  B .  Carpenter  (1806,  p.  726)  In  which  the  young  are  described  as  floating  at  the  surface  in  an 
inverted  position.  How  this  position  is  maintained  is  not  stated,  but  it  would  appear  that  the  expanded 
basal  disk  has  much  to  do  with  the  matter.  It  even  seems  possible  that  cavities  within  the  disk  may 
convert  thJs  organ  into  a  sort  of  float  not  greatly  dissimnar  to  that  of  Sqfphocrinus, 

In  A  nUdon  the  acquisition  of  such  structures  may  be  pathologic,  but  the  case  neverthtiess  suggests  many 
interesting  possibilities.  For  instance ,  It  may  well  be  that  the  float  of  Sejfphoerinut  had  Its  inception  in  such 
an  aberrant  saltation,  being  first  acquired  in  a  rudimentary  way  by  the  very  young  crinoids.  Again,  it 
does  not  seem  impossible  that  such  floating  disks  may  largely  have  been  possessed  by  various  crinoid  lines 
as  normal  structural  features.  If  this  be  true  It  is  evident  that  we  have  a  ftetor  that  might  be  of  hi^ 
hnportance  as  affecting  the  distribution  of  the  Crinoidea. 
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Crirwidea  prohaMy  referoMe  to  Oroup  I. — In  the  foregoing  discussion 
of  the  eleutherozoic  stalked  crinoids  only  those  forms  have  been  cited 
r^arding  which  there  can  be  no  question  as  to  the  validity  of  the 
asseveration.  There  are  a  number  of  genera,  however,  which  we  may 
hold  to  have  largely  maintained  a  detached  existence  with  almost  as 
much  reason  as  in  the  forms  described.  Still  it  is  only  because  of  the 
known  association  of  a  detached  existence  with  certain  structural 
features  that  we  may  reasonably  predicate  a  similar  mode  of  life  in  the 
case  of  the  following  genera.  It  will  be  noted  in  these  various  types 
that  we  have  structures  analogous  to  those  that  obtain  in  many  of 
the  eleutherozoic  crinoids  hitherto  described. 

Porocrinus. — Porocrinus  is  perhaps  the  most  primitive  type  to  be 
considered  in  this  collection.  The  notable  breadth  of  the  column  in 
its  proximal  portion  and  the  marked  rapidity  with  which  it  tapers 
distad,  together  with  the  comparative  tenuity  of  its  distal  portion, 
strongly  indicates  that  we  have  here  a  column  comparable  to  that 
possessed  by  many  of  the  detached  cystids.  In  all  probability  we 
may  consider  that  the  members  of  this  genus  led  the  existence  of 
vagile  benthos  and  attached  themselves  at  will  by  wrapping  the 
distal  portion  of  the  stem  about  some  object. 

The  Rhodocrinids^. — ^In  the  case  of  the  RhodocrinidaB  we  find  at 
least  three  genera  in  which  we  may  well  consider  a  detached  existence 
is  lai^ely  maintained.  In  Rhodocrirms  itself,  as  shown  by  the  Kin- 
derhook  species  where  the  columns  are  well  preserved,  the  stem  is 
comparatively  short  and  we  may  note  a  marked  tendency  toward 
looping  in  its  distal  portion.  In  AcantJiocrinus  rex,  as  figured  by 
Jaekel  (1895)  we  find  the  distal  portion  of  the  column  coiled,  which  is 
evidence  that  the  stem  was  not  firmly  affixed  to  the  bottom.  It  does 
not  seem  improbable  that  the  crinoid  may  well  have  been  tem- 
porarily attached  by  wrapping  its  column  about  some  object.  From 
the  size  of  the  stem  in  thb  specimen  one  would  scarcely  think  of  it  as 
being  prehensile,  however.  Jaekel  lays  considerable  stress  on  this 
coiling  of  the  column,  and  uses  it  as  one  of  the  characters  to  differ- 
entiate the  genus  from  Rhodocrinus.  As  noted  above,  the  feature 
is  probably  quite  as  characteristic  of  RJiodocrinus.  In  Dtamenocrirma 
jauani  as  figured  by  Oehlert  (1891)  the  distal  portion  of  the  column  is 
represented  as  closely  rolled  into  a  coil  consisting  of  at  least  three 
volutions.  This  coil  is  in  a  single  plane.  As  in  the  case  of  AcarUTuh 
crinus,  the  column  is  of  large  size,  and  from  the  tightness  of  the  coil 
one  might  conceive  that  its  function  was  rather  in  the  nature  of  a 
ballast  or  drag  than  a  means  of  temporary  attachment  by  looping 
about  some  object.  The  same  explanation  may  well  apply  to  Acavr 
thocrinus.  From  the  remarkable  similarity  which  we  observe  in 
these  three  rather  divergent  genera  as  regards  the  coiling  of  the 
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distal  portion  of  the  column  I  think  we  may  well  assume  that  a 
detached  existence  was  largely  maintained  within  this  family. 

Homocrinus  acoparius. — In  Homocriv/us  scoparius  cirri  are  borne  for 
a  considerable  distance  along  the  distal  portion  of  the  column.  These 
cirri  are  short  and  feeble,  and  both  because  of  their  extent  and  their 
structure  may  not  be  held  as  roots.  In  well  preserved  specimens  it 
will  be  noted  that  the  extreme  distal  portion  of  the  column  is  coiled 
into  several  volutions.  Such  a  stem  is  figured  by  Talbot.  (1905,  pi. 
3,  fig.  3.)  It  seems  highly  probable  from  the  structure  of  stem  in  this 
species  that  a  detached  existence  was  maintained.  In  an  earlier  spe- 
cies of  the  genus  the  distal  coiling  is  perhaps  even  more  marked,  but 
there  is  no  sign  of  the  presence  of  radicular  cirri. 

Camptocrinus. — In  Camptocrinus,  which  simulates  to  a  remarkable 
degree  the  column  structure  of  Herpetocrintu  heretofore  described, 
we  may  perhaps  predicate  a  detached  existence  on  the  basis  of  this 
similarity  alone.  Furthermore,  a  careful  examination  of  a  large 
number  of  well  preserved  individuals  of  the  genus  has  failed  to  show 
any  signs  of  permanent  distal  fixation.  The  functions  of  the  cirri 
in  this  genus  may  be  hdd  as  similar  to  those  of  Herpdocrinus. 

The  Platycrinidse. — ^Among  the  Platycrinid©  there  is  a  certain  com- 
pact assemblage  of  types  marked  by  such  forms  as  Hapdlocrinua  and 
Cardyhcrinus  in  which  the  presence  of  verticils  of  cirri  strongly  point 
to  the  conclusion  that  these  forms  were  free.  I  have  examined  hun- 
dreds of  examples  of  Cardyloenrnia  and  seldom  have  found  the  column 
greatly  to  exceed  the  height  of  the  crown.  There  is  no  sign  of  per- 
manent fixation.  Where  the  preservation  justifies  an  opinion  it 
seems  that  the  colunm  ends  distally  with  a  cirriferous  nodal,  after  the 
manner  of  the  Pentacrinid».  In  Cordylocrinus  piumosua  the  cirri 
reach  an  extraordinary  length.  In  some  cases  those  cirri  borne  by 
the  proximal  nodals  reach  beyond  the  tips  of  the  arms.  The  presence 
of  verticils  of  cirri  may  in  any  case  be  held  as  strongly  indicative  of 
the  eleutherozoic  habit  of  the  animal  to  which  they  belong.  Such 
an  excessive  development  of  these  appendages  points  almost  with 
certainty  to  this  conclusion. 

Evidence  relative  to  widespread  detachment  among  the  etdOced  CHr 
noidea. — ^The  list  of  stalked  crinoids  which  probably  maintained  a 
detached  existence  might  largely  be  increased.  A  sufficient  number 
of  cases  has  been  adduced;  however,  clearly  to  show  the  prevailing 
tendency  to  be  noted  among  the  Crinoidea.  Examples  have  been 
chosen  from  each  order  and  from  widely  dissimilar  families.  If  a 
detached  mode  of  life  obtains  among  these  divergent  types  unifonnly 
and  not  as  the  result  of  fortuitous  disruption,  we  may  well  expect 
among  other  related  families  and  genera  that  a  similar  tendency  is 
manifest.  It  rarely,  if  ever,  is  found  that  in  a  relativdy  homoge- 
neous group  like  the  crinoids  any  decided  departure  from  the  normal 
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is  restricted  to  an  isolated  group  of  oi^nisms.  Rather,  such  depar- 
tures are  found  to  have  taken  place  again  and  again  in  a  more  or  less 
marked  manner,  not  only  in  contemporaneous,  but  in  antecedent  and 
subsequent  forms.  As  regards  this  particular  modification,  or 
rather  habit,  we  find  evidence  that  indicates  its  appearance  from  the 
earliest  times  to  the  present,  and  among  most  diverse  types. 

In  the  case  of  the  majority  of  the  crinoids  described  above,  free- 
dom may  be  held  to  obtain  during  a  considerable  part  of  the  lives  of 
the  animals,  at  least  throughout  the  greater  portion  of  the  adult 
stages.  Among  the  Crinoidea  as  a  whole  we  shall  consider  that 
detachment  becomes  effective  for  variable  periods,  and  perhaps 
alternates  with  times  of  fixation.  This  is  sufficiently  inclusive,  I 
think,  to  cover  any  case.  It  is  obvious  that  it  is  among  types  where 
detachment  becomes  irregularly  effective  that  we  have  the  progeni- 
tors of  those  forms  which  constantly  assume  and  maintain  an  eleu- 
therozoic  habit.  It  is  no  doubt  among  these  forms  again  that  we 
have  the  ancestors  of  those  crinoids  which  in  the  aggregate  make  up 
Group  II.  No  line,  except  of  the  most  arbitrary  sort,  may  be  drawn 
between  the  types  in  which  detachment  is  the  exceptional  condition 
and  those  among  which  it  is  the  rule.  In  all  we  observe  to  a  greater  or 
less  extent  the  operation  of  the  same  tendency  becoming  progressively 
more  effective. 

In  the  following  discussion  evidence  of  detachment  by  the  crinoids, 
whether  structural  or  of  whatsoever  nature,  is  given.  The  matter 
relative  to  cnnoid  segregation  and  migration  has  a  most  important 
bearing  on  the  question,  besides  indicating  in  part  the  reasons  for 
the  assumption  of  such  a  type  of  existence.  Such  evidence  as  is  sub- 
mitted is  more  or  less  general  in  that  such  facts  as  are  adduced  from 
specific  types  may  be  held  to  apply  with  greater  or  less  force  to  the 
remainder  of  the  stalked  Crinoidea.  In  the  case  of  the  structural 
evidence  again  the  material  in  most  instances  is  incapable  of  exact 
identific^ation  and  can  only  be  credited  in  an  indefinite  way  to  the 
then  existing  crinoid  fauna. 

The  evidence  relative  to  these  crinoids  that  are  universally  sup- 
posed to  be  firmly  affixed  from  the  time  the  column  is  formtad  and  in 
which  an  eleutherozoic  habit  becomes  but  irregularly  effectivei  is  of 
necessity  not  conclusive.  Such  facts  as  are  available,  however,  seem 
to  make  the  conclusion  that  sporadic  and  perhaps  long-continued 
periods  of  freedom  are  of  comparatively  common  occurrence,  the 
only  feasible  one.  It  is  these  post-larval  periods  of  detachment  that 
probably  have  had  more  to  do  with  the  segregation  of  the  Crinoidea 
than  the  aimless  wanderings  of  their  ciliated  larvsB,  and  it  is  no  doubt 
in  no  small  part  due  to  the  same  factor  that  the  Crinoidea  owe  their 
perpetuation  as  a  virile  stock. 
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In  the  Paleozoic  rocks  we  have  considerable  evidence  going  to  show 
that  the  Crinoidea  became  detached  from  their  roots  or  disks  of 
cementation  at  various  stages  in  their  development.  In  a  very  great 
number  of  cases  it  seems  quite  certain  that  these  residual  roots  as 
yre  find  them  do  not  indicate  the  death  and  disintegration  of  the 
crinoid,  but  rather  a  separation  of  the  crinoid  from  its  point  of  attach- 
ment during  the  life  of  the  individual.  In  some  cases,  at  least,  dis- 
ruption seems  to  have  been  voluntary,  resorption  apparently  taking 
place  at  the  point  of  detachment. 

In  certain  formations — the  Hamilton  for  instance — one  is  accus^ 
tomed  to  see  large  numbers  of  calcareous  disks  attached  to  brachio- 
pods,  corals,  crinoid  stems,  and  every  conceivable  support.  Each  of 
these  disks  has  a  stem  cicatrix,  and  at  one  time  obviously  consti- 
tuted the  distal  extremity  of  a  pelmatozoan  column.  As  a  rule  these 
basal  expansions  are  small,  ranging  from  2  to  5  mm.  in  diameter. 
The  stem  cicatrix  is  seldom  sharply  defined,  showing  that  there  was 
probably  a  partial  resorption  of  the  stereom  at  the  junction  of  the 
disk  and  column.  It  is  evident  that  these  disks  pertain  to  young 
crinoids  and  are  directly  comparable  in  function  to  the  so-called 
*'dorso-central"  of  Antedon.  It  is  equally  evident,  I  think,  that 
these  young  crinoids  became  detached  and  shifted  to  another  locality 
where  they  may  or  may  not  have  become  permanently  anchored. 

An  interesting  locality  where  such  basal  disks  are  particularly 
plentiful  is  in  the  Trenton  limestone  of  Earkfield,  Ontario.  Here  at 
one  time  the  sea  advanced  over  an  eroded  limestone  surface.  With 
the  advancing  sea,  and  probably  in  very  shallow  water,  came  in 
large  numbers  of  crinoids.  The  old  limestone  bottom  is  covered  with 
basal  disks,  as  many  as  fifty  having  been  counted  in  an  area  of  a 
square*  foot.  Most  of  these  disks  are  small,  but  occasionally  the 
highly  specialized  basal  expansions  of  Cleiocrinus  are  found,  ranging 
up  to  5  or  6  cm.  in  diameter.  In  many  cases  it  seems  probable  that 
the  crinoids  became  voluntarily  detached.  Stems  and  crowns  are 
rarely  associated  with  these  basal  expansions,  and  frequently  the  zone 
of  detachment  shows  signs  of  resorption.  It  may  be  argued  that 
instead  of  being  a  case  of  resorption  in  these  instances  it  is  a  case  of 
partial  solution  of  the  calcareous  matter  subsequent  to  the  violent 
disruption  of  the  column  from  the  base.  The  splendid  condition  of 
such  crinoids  as  are  found  at  this  horizon  where  the  most  delicate 
ornamentation  is  beautifully  preserved,  and  the  unaltered  sharp 
angles  of  broken  columns  tend  to  refute  this  argument,  however. 
Another  example  of  this  sort  is  in  the  Silurian  of  Waldron,  Indiana. 
Here  in  one  bed  are  found  great  numbers  of  crinoid  roots,  most  of  them 
probably  belonging  to  Eucalyptocrinus.  Stems  and  crowns,  again, 
are  rarely  associated  with  these  roots.    It  seems  probable  that  here 
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was  a  colony  of  adult  Eucdlyptocrinus,  the  members  of  which  for  some 
reason  or  other,  became  detached  and  left  this  immediate  locality. 

It  must  necessarily  follow  upon  the  death  and  decay  of  a  crinoid 
that  residual  roots  or  basal  disks  are  left  and  many  roots  referable 
to  adult  specimens  may  no  doubt  be  assigned  to  this  category.  The 
vast  number  of  immature  disks  which  are  to  be  found  can  not,  I 
thiak,  be  explained  on  this  basis,  however.  Again,  in  the  case  of 
detachment  for  this  reason,  there  would  be  no  sign  of  resorption  at 
the  Une  of  separation,  such  as  is  indicated  in  many  examples.  This 
point  is  equally  effective  against  the  hypothesis  of  violent  disruption 
in  such  instances  as  it  is  to  be  observed.  Even  were  there  no  signs 
of  resorption  at  the  point  of  detachment  these  basal  disks  need  by  no 
means  be  considered  as  having  been  left  by  the  death  and  decay  of 
the  animals.  Disruption  of  the  colunm  may  well  become  effective 
elsewhere  thaA  at  its  juncture  with  the  base.  Indeed  from  the  little 
we  know  in  regard  to  such  matters  it  appears  that  the  separation  of 
the  column  occurs  with  great  frequency  at  higher  points.  Subsequent 
to  such  a  type  of  detachment,  which  on  the  whole  I  think  we  may  con- 
sider, as  a  rule,  involuntary,  the  residual  columnalswill  become  disar- 
ticulated and  leave  a  base  with  a  sharply  defined  stem  cicatrix. 

In  connection  with  these  residual  disks  should  be  recalled  those 
spirally  coiled  columns  noted  above  under  the  discussion  of  GFlypto- 
erinus.  In  these  specimens  the  distal  portion  of  a  stem  has  been 
spirally  wound  about  the  colimm  of  another  crinoid,  in  many  cases 
being  laid  on  as  neatly  as  thread  upon  a  spool.  Subsequently,  a 
fusion  has  taken  place  between  the  two  colunms  resulting  in  the  abso- 
lute fixation  of  the  attaching  organism.  Most  of  the  stems  attached 
in  this  manner  indicate  that  as  in  the  case  of  Cflyptocrinus,  the  crinoids 
were  comparatively  young  forms,  and  became  detached  later  in  life. 

It  must  be  granted  that  those  forms  in  which  the  distal  portions  of 
the  columns  do  not  bear  roots  or  disks  of  cementation  were  not  firmly 
afl&xed  to  the  bottom.  Furthermore,  those  types  having  cirri  obvi- 
ously adapted  for  grasping  or  in  which  there  is  a  very  considerable 
development  of  the  cirri,  may  be  considered  to  have  led  an  eleuthero- 
zoic  existence.  It  seems  possible  to  carry  this  postulate  of  a  free 
existence  among  the  stalked  crinoids  still  further.  In  other  words, 
it  seems  quite  probable  that  many  crinoids  having  rootlets  were  never 
permanently  attached.  This  reference  is  made  from  conditions  as 
we  have  them  in  the  preservation  of  crinoids  in  the  colonies  of  paleo- 
zoic times. 

Were  the  crinoids  to  have  been  truly  rooted,  the  distal  portion  of 
the  stem  must  of  necessity  have  been  buried  in  the  material  composing 
the  bottom.  Upon  the  death  of  such  forms  it  is  obvious  that  without 
very  considerable  disturbance  of  the  sediment  surrounding  these 
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roots  they  could  not  have  been  freed  without  at  least  destroying  the 
comparatively  delicate  cirri.  An  examination  of  the  crinoids  com- 
posing a  colony  where  the  animals  are  almost  perfectly  preserved 
furnishes  no  indication  of  any  considerable  disturbance.  The  bottom 
upon  which  they  lived  is  in  apparently  the  same  condition  as  it  was 
in  Paleozoic  times.  Notwithstanding  this  fact  a  very  large  number 
of  crinoids  which  retain  their  columns  have  the  radicular  cirri  pre- 
served most  perfectly,  and  the  distal  portions  of  the  stems  are  essen- 
tially complete.  Such  conditions  apparently  indicate  that  those 
particular  crinoids  were  never  firmly  rooted. 

In  the  case  of  the  Waldron  bed,  containing  lai^  niunbers  of  roots 
probably  pertaining  to  EucalyptocrinuSy  it  would  seem  that  the  oppo- 
site condition  of  affairs  obtains,  and  that  here  the  roots  were  buried 
in  the  sediment.  As  found  to-day,  such  a  root  is  practically  as  per- 
fect asduring  the  lifeof  the  animal,  but,  unlike  the  free  typeof  radicular 
cirri,  it  is  not  found  attached  to  complete  columns.  It  is  evident  that 
such  roots  as  those  of  Eucalyptocrimis  were  buried  in  life,  and  upon 
the  disruption  of  the  column  remained  behind.  One  complete  speci- 
men of  EiLcalyptocrinus  has  been  found,  but  this  is  a  young  individual 
with  a  comparatively  smaU  root.  A  notable  difference  is  to  be 
observed  in  the  structure  of  such  roots  as  have  just  been  mentioned 
and  those  which  are  found  free.  In  the  former  case  the  roots  are 
confined  to  a  comparatively  small  portion  of  the  distal  part  of  the 
colunm.  They  are  numerous  and  branch  frequently,  having  much 
the  appearance  of  the  roots  of  a  tree.  In  the  latter  cases  the  cirri  are 
comparatively  delicate,  irregularly  placed  along  the  column,  and  few 
in  number.  It  seems  possible,  then,  when  we  observe  columns  of  the 
latter  type  to  predicate  a  semifree  existence  for  the  crinoids.  The 
number  of  such  forms  is  very  considerable,  and  in  most  cases  such 
evidence  of  an  eleutherozoic  habit  is  supplemented  by  a  coiling  or 
looping  of  the  distal  portion  of  the  column. 

Were  the  majority  of  crinoids  firmly  aflSxed  in  their  adidt  stages,  as 
has  been  commonly  assumed,  we  should  find  a  far  greater  number  of 
roots  obviously  pertaining  to  mature  animals.  It  is  a  fact  that  will 
at  once  strike  anyone  having  to  do  with  the  Paleozoic  rocks,  and  par- 
ticularly those  beds  in  which  the  Crinoidea  are  comparatively  abun- 
dant, that  large  roots  are  of  great  rarity.  This  is  the  more  remarkable 
when  one  considers  the  nature  of  these  organs.  Either  as  basal  disks 
or  radicular  cirri  they  are,  as  a  rule,  stout  and  reenforced  with  a  sec- 
ondary deposition  of  stereom.  Those  roots  composed  of  radicidar 
cirri  clearly  indicate  in  the  majority  of  instances  inclusion  in  the  sub- 
stance of  the  sea  bottom.  Under  these  conditions,  with  deposition 
in  quiet  waters,  there  is  no  reason  why  practically  all  of  the  roots 
should  not  be  preserved  to  us  to-day.  The  preservation  of  the  roots 
at  Waldron,  Ind.,  above  described,  should  be  the  rule  and  not  the 
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exception.  Here  the  cirri  are  preserved  even  to  the  most  tenuous 
extremities. 

Crinoid  crowns,  with  their  comparatively  weak  articulations,  are 
foimd  in  the  utmost  perfection.  These,  moreover,  lay  upon  the  sea 
bottom  and  were  not  already  covered.  Comparing  the  two  extremi- 
ties of  a  crinoid,  all  the  chances  for  preservation  he  with  the  roots. 
The  relative  proportions  in  which  the  two  are  found,  however,  would 
tend  to  prove  quite  the  opposite.  The  crowns  and  calices  far  out- 
nimiber  the  roots.  The  only  logical  deduction  from*  these  facts  is 
that  there  were  in  reality  more  crowns  than  roots — in  other  words,  that 
a  very  great  number  of  the  Paleozoic  Crinoidea,  Uke  their  modem 
relatives,  led  a  semifree  existence.  At  any  rate,  we  may  assume 
that  they  had  no  highly  specialized  organs  for  purposes  of  permanent 
fixation. 

One  must  constantly  bear  in  mind  that  universal  freedom  is  not 
predicated  for  any  given  time  or  for  any  given  group.  It  was  con- 
stantly assumed  in  a  number  of  sporadic  lines,  but  these  may  be 
held  as  exceptions  to  the  general  rule.  In  some  species  and  genera, 
no  doubt,  an  eleutherozoic  existence  was  of  very  rare  occurrence. 
Certain  specialized  roots  bear  witness  to  this  fact  by  their  great 
abundance.  In  the  case  of  the  easily  recognized  ^'Asjndocrinus,'^  for 
example,  which  is  the  basal  expansion  of  some  apparently  adult 
crinoid  column,  hundreds  of  specimens  may  be  collected  in  certain 
beds.  No  crinoid  crowns  are  found  associated,  having  doubtless 
decayed  and  been  reduced  to  their  constituent  elements.  Such  an 
instance  illustrates  the  proper  proportion  one  would  think  should 
obtun  between  crowns  and  roots,  were  there  originally  an  equal 
niunber  of  each,  and  were  the  bases  of  attachment  practically  inde- 
structible under  normal  conditions.  The  proportion  should  be  more 
nearly  equaUzed  in  cases  where  the  roots  are  composed  of  cirri, 
perhaps,  for  here  there  is  a  greater  chance  for  the  roots  to  be 
destroyed. 

The  evidence  as  afforded  by  available  facts  relative  to  the  material 
discussed  above  seems  to  warrant  the  drawing  of  two  general  con- 
clusions. In  the  first  place  we  are  fairly  safe  in  assuming  a  fixation 
of  the  crinoids  in  their  early  stages,  which  was  frequently,  perhaps 
universally,  followed  by  a  period  of  detachment  and  freedom.  In 
the  second  place  it  seems  highly  probable  that  there  was  a  widespread 
lack  of  fiLxation  among  the  mature  crinoids.  Given  freedom  and 
more  or  less  ability  to  move,  we  may  easily  see  that  the  crinoids 
could  largely  determine  and  control  their  movements,  and  conse- 
quently their  environment. 

As  suggested  above,  it  seems  highly  probable  that  these  periods  of 
postlarval  freedom  bear  lai^ely  on  the  distribution  and  segregation 
of  the  crinoid  elements  in  the  various  faunas  and  have  much  to  do 
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with  the  cosmopolitan  nature  of  many  forms.  The  facts  relative  to 
the  distribution  of  the  Crinoidea,  on  the  other  hand,  offer  many  con- 
vincing argimients  in  favor  of  the  widespread  freedom  of  the  adult 
crinoids.  Inasmuch  as  these  facts  apply  with  equal  force  to  all  the 
Felmatozoa  discussed  in  the  paper,  it  has  seemed  best  to  postpone  a 
treatment  of  this  phase  of  the  subject  until  the  different  groups  have 
been  discussed  in  detail. 

In  such  Crinoidea  as  those  above  noted  in  which  a  detached  exist- 
ence has  been  shown,  there  can  be  no  question  but  that  for  a  large 
part  of  their  lives  the  animals  were  capable  of  more  or  less  free  move- 
ment. In  the  case  of  any  given  species  where  such  freedom  of  move- 
ment has  been  established,  it  is  not  held  that  eveiy  individual  neces- 
sarily enjoys  the  same  freedom.  In  any  species  of  Isocrinus,  say,  it 
may  be  found  that  there  are  individuals  the  greater  part  of  whose 
lives  is  passed  cemented  or  rooted  to  one  spot,  while  others  undoubt- 
edly pass  long  periods  of  time  during  which  there  is  no  such  fixation. 
It  should  be  borne  in  mind,  however,  that  the  status  of  such  a  free 
type  is  not  that  of  a  sport,  freedom  being  accidentally  acquired  and 
inadvertently  maintained.  Rather  it  should  be  held  that  such  a 
type  of  Ufe  is,  as  one  might  say,  optional  with  the  crinoid,  freedom  in 
such  instances  perhaps  being  accidentally  acquired,  but  in  most  cases 
being  voluntarily  maintained.  In  all  such  types  freedom  is  the 
expression  of  a  general  tendency  toward  the  assumption  of  an 
eleutherozoic  habit  and  in  all  probability  would  not  be  perpetuated 
were  it  not  for  this  fact. 

Group  II. 

As  previously  defined,  this  group  contains  those  Pelmatozoa  which 
have  lost  all  or  the  greater  portion  of  their  columns.  In  certain 
fossil  forms  the  stem  is  completely  eliminated,  not  even  the  proximal 
columnal  being  retained.  In  one  veiy  large,  and  perhaps  the  most 
important  division  of  the  group,  however,  it  is  next  to  impossible 
to  draw  a  line  separating  the  constituent  members  from  the  forms 
characterizing  Group  I.  In  this  division,  the  ''Comatulse,"  the 
proximal  portion  of  the  column  is  retained,  which  is,  as  a  rule,  pro- 
fusely cirriferous.  It  seems  to  be  a  question  as  to  whether  these 
genera  should  be  placed  in  Group  I  or  whether  such  a  type  as  MiUeri- 
crinus  prattii  should  be  hsted  under  Group  II.  Division  has  here 
been  made  on  the  basis  of  the  degree  of  specialization  of  the  forms 
involved.  Thus,  among  the  Comatulae  a  stem  is  only  had  in  the  em- 
bryonic stages  and  is  consistently  lost  as  a  colunm  among  the  adult 
crinoids.  Among  the  ancestors  of  these  forms,  however,  we  come 
eventually  to  a  type  which  is  indifferently  stalked  or  detached  and 
hence  in  a  way  to  be  held  as  intermediate  between  Group  I  and 
Group  II, 
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It  is  among  the  members  of  Group  II  that  we  find  the  highest  ex- 
pression of  an  eleutherozoic  habit  among  the  Pehnatozoa.  This 
does  not  signify  that  among  these  forms  we  have  the  highest  degree 
of  specialization  and  modification,  although  even  in  these  respects 
the  crinoids  are  notable.  We  have  here,  however,  the  most  perfect 
adaptations  to  a  free-swimming  life.  Such  adaptations  are  best 
shown  among  the  Crinoidea  and  but  imperfectly  developed  in  the 
case  of  the  Cystidea  and  Blastoidea.  This  is  obviously  due  to  the  fact 
that  among  the  latter  classes  the  brachial  appendages  have  been  but 
indifferently  developed,  and  are  scarcely  able  to  function  as  active 
swinuning  organs.  Among  the  members  of  this  group  we  have  a 
wide  range  in  the  habits  of  the  animals.  The  majority  of  the  forms 
may  be  classed  as  vagile  benthos,  locomotion  being  effected  either 
by  crawling  along  the  bottom  or  by  more  or  less  extensive  swimming 
movements.  From  such  types  we  pass  to  those  in  which  a  truly 
pelagic  existence  is  maintained. 

Bather's  dasdjicaiion. — Bather  (1896,  p.  995)  considers  that  un- 
stalked  crinoids  "fall  into  three  distinct  groups."    These  are: 

First,  the  group  in  which  a  portion  of  the  stem  remains,  becoming  modified  into  a 
cimis-bearing  centro-dorsal,  as  in  Antedonj  Ewiiocnnus,  and  ThaurmOacrinus,  These 
forms  anchor  themselves  by  their  cirri,  and  though  capable  of  crawling,  climbing, 
and  swimming,  do  not  often  exercise  their  faculty  of  locomotion.  Secondly,  the 
group  in  which  either  a  portion  of  remaining  stem,  or  the  lower  part  of  the  cup  (i.e., 
basals  or  infrabasals),  becomes  solidified,  usually  by  additional  deposition  of  stereom, 
into  a  knob,  which,  one  may  suppose,  serves  as  ballast  or  as  a  sea-anchor;  such  forms 
are  Agas9izocnnu»f  Edrioainus,  and  Millencnnta  pratti.  Both  of  these  groups  have 
a  small  calycal  cavity  with  thick  walls,  and  there  can  be  little  doubt  but  that  all  are 
attached  by  a  stem  in  the  earlier  stages  of  ontogeny.  The  third  group,  comprising 
MarsupUes,  Saccocoma,  and  UirUacrinus,  has  no  trace  of  a  stem  or  of  any  anchoring 
structure,  but  is  in  all  respects  adapted  for  free  locomotion;  the  calycal  cavity  is 
laige  in  proportion  to  the  thickness  of  the  arms,  and  is  enclosed  by  thin  flexible  walls. 

Classification  of  Oroup  II  Tiere  employed. — For  the  purpose  of  the 
present  paper  I  have  thought  it  more  expedient  to  use  a  somewhat 
different  classification.  This  grouping,  like  the  one  used  by  Bather, 
is  a  purely  physiological  one — ^widely  divergent  types  being  placed 
together  because  of  a  certain  unity  of  structure  in  the  apical  portion 
of  the  dorsal  cup.  The  grouping  likewise  includes  several  Cystidea 
and  Blastoidea,  which  as  regards  their  mode  of  acquisition  of  an 
eleutherozoic  habit  are  structurally  comparable  to  the  Crinoidea  of 
this  division. 

Among  the  majority  of  the  forms  here  described  under  Group  II 
the  loss  of  the  stem  is  a  constant  character  and  acquired  as  the  result 
of  a  definite  evolutionary  process.  There  are,  however,  several 
crinoids  where  the  loss  of  the  colunm,  though  complete,  appears 
either  to  be  a  sporadic  feature,  or  forced  upon  the  animal  by  violent 
disruption  of  the  column.  These  crinoids  shed  considerable  light  on 
94428**— Proc.N.M.vol.41— 11 5 
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the  origin  of  certain  structures  to  be  observed  in  crinoids  where  a  loss 
of  the  stem  normally  obtains.  Because  of  this  fact  they  will  be  dis- 
cussed in  connection  with  Group  II.  As  will  hereafter  be  noted,  the 
chief  interest  of  these  aberrant  types  is  in  connection  with  the  origin 
of  the  centrale,  characteristic  of  Type  2. 

The  genera  of  the  first  division  may  be  grouped  together  according 
to  the  way  in  which  the  plates  of  the  dorsal  cup  and  the  proximal 
columnals  become  modified  as  a  result  of  the  loss  of  their  articulated 
stalks. 

Type  1. — In  this  type  of  structure  the  proximale  (and  occasionally 
a  few  of  the  columnals)  fuses  with  the  infrabasals  forming  what  is 
known  as  a  centro-dorsal.  This  centro-dorsal  is  usually  cirriferous 
throughout  the  free-swimming  stage  of  the  individual.  In  some  forms 
however,  the  cirri  are  lost  in  the  adult.  The  centro-dorsal  also 
lodges  the  chambered  organ.  Some  of  the  genera  representing  this 
type  of  structure  are: 

Antedon. 

Actinometra. 

Evdiocrirms. 

Atdecrinus. 

ThauTMsiocrinua. 
Type  2, — ^Here  we  find  that  after  the  loss  of  the  stem,  which  is 
entirely  detached  from  the  crown,  there  is  introduced  an  entirely 
new  element  into  the  dorsal  cup.  To  this  plate  we  shall  apply 
Bather's  term  centrale.  At  times,  as  will  be  explained  later,  the 
centrale  may  fuse  with  aU  or  a  part  of  the  plates  in  the  proximal 
circlet  of  the  dorsal  cup.  This  centrale  functioned  as  a  plug  to  stop 
up  the  apical  opening  through  which  communication  was  established 
between  the  visceral  cavity  and  the  stem  liunen  in  the  stalked  con- 
dition.    The  genera  illustrating  this  type  of  structure  are: 

Virdobcrinus. 

Marsupites, 

Saccocoma. 
TypeS. — ^In  this  case  again,  the  stem  is  entirely  lost.  In  the 
typical  crinoid  of  this  group,  Agassizocrinus,  the  infrabasals,  which 
are  quite  large  and  massive,  fuse,  and  together  with  a  secondary 
deposition  of  stereom,  close  the  axial  canal.  Apparently  no  centrale 
is  formed.  Some  species  of  Edriocrinv^  are  structiu-aUy  analogous 
to  Agassizocrinus  as  regards  the  fusion  of  the  proximal  circlet,  and 
the  secondary  deposition  of  stereom. 

Type  4' — ^This  group  has  been  made  for  the  sake  of  completeness, 
to  include  two  Blastoids  and  certain  Cystidea.  In  these  forms  no 
centrale  exists  nor  is  there  a  fusion  of  the  proximal  circlet,  and  a  sec- 
ondary deposition  of  stereom.     Instead,  the  basals  imite  very  closely. 
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leaving  no  opening,  therefore  obviating  the  necessity  of  any  secondary 
structures. 

These  four  types  of  structure  will  now  be  taken  up  in  the  order  here 
given^  and  a  more  detailed  discussion  given  to  each  group. 

TYPE  1. 

The  Crinoidea  constituting  this  assemblage  are  entirely  restricted 
to  Mesozoic  and  recent  forms.  In  the  present  seas  representatives 
are  very  numerous  and  have  an  enormous  range.  It  seems  highly 
probable  that  the  Comatulse  represent  a  number  of  genetic  Imes,  and 
that  even  some  of  the  families  as  defined  by  Bather  are  polyphyletic 
iu  origin.  Whether  sufficient  material  and  information  will  ever 
become  available  to  enable  one  closely  to  discriminate  between  these 
convergent  lines  it  is  impossible  to  say.  The  component  genera  after 
all  have  an  essential  unity  of  structure,  and  have  doubtless  been 
derived  from  not  widely  divergent  types.  Such  being  the  case,  and 
inasmuch  as  these  forms  are  so  well  and  widely  known,  no  attempt 
will  be  made  to  discuss  any  given  genus  in  considerable  detail.  Cer- 
tain points  regarding  the  structure  of  the  animals  are  given,  however, 
because  of  the  bearing  they  have  on  questions  dealt  with  in  the 
pres^[it  paper.  The  probable  origin  and  development  of  the  centro- 
dorsal  is  treated  at  some  length,  for  instance,  not  only  because  of  its 
importance  in  this  group,  but  also  because  of  the  bearing  it  has  on 
larger  systematic  questions. 

During  the  past  two  or  three  years  the  comatulid  genera  as  recog- 
nized by  Carpenter  have  been  divided  and  subdivided  into  nmnerous 
genera,  chiefly  through  the  efforts  of  Austin  Hobart  Clark.  Inas- 
much as  the  descriptions  of  these  genera  are  of  a  more  or  less  pre- 
liminary nature,  one  may  be  pardoned  for  not  making  use  of  the  new 
appelations.  For  the  purposes  of  the  present  paper  extreme  nomen- 
clatorial  refinements  are  after  all  in  no  wise  essential.  On  this  ac- 
coimt  ve^  largely,  no  attempt  has  been  made  to  depart  from  the 
nomenclatxu*e  of  Carpenter,  and  the  generic  names  of  the  free- 
swimming  crinoids  as  here  employed  are  those  commonly  accepted. 

The  structure  and  development  of  the  centro-dorsal. — In  the  well- 
known  ArUedon,  as  well  as  in  the  other  genera  of  this  group,  the  cen- 
tral apical  portion  of  the  dorsal  cup  consists  of  a  centro-dorsal.  This 
is  made  up  chiefly  of  the  proximale,  which  either  persists  alone,  or 
possibly  has  a  limited  number  of  columnals  fused  with  it.  To  the 
proximale  also  are  probably  fused  in  all  cases  the  infrabasals.  These, 
because  of  their  size,  are  a  negligible  quantity  in  a  consideration  of 
the  general  composition  of  the  adult  centro-dorsal.  The  centro- 
dorsal  is  cirriferous,  except  in  the  adults  of  certain  species,  where  the 
cirri  have  been  lost. 
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The  development  of  the  centro-dorsal  m  the  case  of  Antedan  has 
been  describedas  follows  by  Carpenter  (1888,  p.  11): 

The  centro-doisal  is  at  first  a  simple  ring,  in  no  way  different  from  the  other  stem 
joints,  but  when  the  basals  come  to  assume  a  definite  shajM  and  the  calyx  acquires 
the  doubly  conical  form  of  the  Gystid  phase,  the  centro-dorsal  becomes  distinctly 
wider  than  the  annular  stem  joints  below  it  and  takes  on  a  pentagonal  shape.  The 
basals  rest  against  the  sides  of  the  pentagon,  and  its  angles  which  fit  in  between  them 
are  therefore  radial  in  position.  *  *  *  At  this  early  stage  the  basals  are  only  in 
contact  with  the  centrodorsal  by  their  lower  edges,  but  it  soon  b^ins  to  increase  in 
diameter  and  extends  itself  over  the  bottom  of  the  calyx .  *  *  *  It  increases  at  the 
same  time  in  vertical  depth,  and  the  first  cirri  make  their  appearance.  These  are 
radial  in  position,  and  the  portion  of  the  centro-dorsal  between  every  two  sockets 
rapidly  enlarges,  so  that  it  comes  to  project  beneath  each  basal  plate,  and  the  angles 
of  the  centro-dorsal  thus  become  interradial  instead  of  radial.  This  change  is  very 
clearly  seen  in  larvae  which  have  only  one  or  two  cirri,  so  that  one  part  of  the  centro- 
dorsal  shows  the  primitive  radial  symmetry  and  another  part  the  acquired  inteiradial 
synmietry. 

In  this  form  the  proximale,  without  the  addition  of  other  columnals, 
forms  the  centro-dorsal. 
The  further  growth  of  the  centro-dorsal  is  described  on  page  12: 

I  merely  wish  to  point  out  that  as  soon  as  the  centro-doisal  of  the  early  larva  of 
Comatula  takes  a  definite  shape  its  angles  are  distinctly  radial.  *  *  *  But  when 
the  cirri  appear  on  the  centro-dorsal  and  the  basals  begin  to  be  transformed  into  the 
rosette,  the  outline  of  the  centro-dorsal  changes.  The  basals  are  no  longer  the  principal 
plates  in  the  calyx,  but  they  undergo  metamorphosis  into  the  small  rosette,  and  the 
centro-dorsal  increases  rapidly  in  size,  more  so  than  any  other  part  of  the  skeleton,  "so 
that  it  soon  comes  to  pass  beyond  the  circlet  of  basals  and  to  abut  on  the  proximal  edge 
of  the  first  radials;  and  instead  of  stopping  here  it  continues  to  increase  in  diameter 
until  it  conceals  the  whole  inferior  surface  of  the  first  radials  and  sometimes  even 

encroaches  somewhat  on  the  second." 

• 

Carpenter^  in  these  passages,  as  elsewhere,  insists  upon  the  primi- 
tive radial  position  of  the  centro-dorsal,  as  opposed  to  the  views  of 
Wachsmuth  and  Springer  (1879-86,  pt.  3,  p.  298  (222)).  Moreover, 
he  proves  his  point  conclusively  by  giving  two  figures  of  larval 
Antedon,  one  of  which  is  reproduced  here.  (PI.  7,  fig.  6.)  In  the 
very  early  stages,  and  before  the  appearance  of  the  cirri,  the  centro- 
dorsal  conforms  to  the  pentagonal  opening  formed  by  the  basals,  and 
hence  by  necessity  the  angles  must  be  radial  in  position. 

In  their  Monograph  of  the  Camerata  (1897,  vol.  1,  p.  64),  Wachs- 
muth and  Springer  try  to  controvert  the  statements  of  Carpenter 
above  cited.  On  Plate  6,  figs.  18  and  19,  they  reproduce  two  figures 
taken  from  W.  B.  Carpenter.  Discussing  these  figures  in  the  text, 
they  make  the  following  statement: 

The  centro-dorsal  at  the  Pentacrinoid  stage  of  the  Gomatube,  as  may  be  seen  by 
examining  PI.  6,  figs.  18  and  19,  agrees  closely  with  that  of  the  ApiocrinidiB.  It  is 
interradially  disposed  at  the  proximal  face,  and  also  at  the  distal  face,  so  that  its 
angles  correspond  with  the  angles  of  the  basals  as  in  those  dicyclic  Crinoids  whose 
infrabasals  are  hidden  by  the  column,  and  even  in  the  pxefloating  stage  the  centro- 
dorsal  retains  its  interradial  position. 
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Figure  19,  according  to  the  explanation  of  the  plate,  is  an  adult 
specimen,  and  figure  18  certainly  does  not  represent  a  very  young 
stage.  Wachsmuth  and  Springer  apparently  overlook  the  fact  that 
Carpenter  described  the  centro-dorsal  in  the  later  stages  of  develop- 
ment as  having  interradial  angles  and  conclusively  proved  that  this 
was  purely  a  restdt  of  secondary  growth.  Indeed,  as  quoted  above, 
Carpenter  states  that  in  larvsB  in  which  only  one  or  two  cirri  have 
appeared,  the  centro-dorsal  in  the  noncirriferous  portion  is  radial, 
while  in  the  remaining  portion  the  angles  of  the  plate  are  iaterradial, 
as  a  result  of  secondary  change  of  form  induced  by  the  presence  of 
the  cirri. 

Bather  (1898,  p.  425)  again  emphasizes  this  fact: 

That  Buch  secondary  formation  of  Btereom  does  take  place  is  no  hypothesis;  it  has 
been  described  in  AnUdon  by  W.  B.  Carpenter,  H.  Bury,  and  others.  In  fiet,  the 
odd  thing  about  that  genus  is  that  the  very  features  on  whic]i  Wachsmuth  and 
Springer  relied  in  their  famous  prediction  that  it  would  be  proved  dicyclic  are  of 

purely  secondary  nature. 

^ 

Thus  we  find  that  the  early  form  of  the  centro-dorsal  in  Arvtedon 
is  entirely  dependent  upon  the  nature  of  the  adjacent  basals  and  is 
largely  governed  in  subsequent  growth  by  the  addition  of  cirri  and 
the  concomitant  increase  in  size  of  the  plate  itself. 

It  woidd  have  proved  much  more  effective  had  Wachsmuth  and 
Springer  applied  their  law  to  the  primary  verticil  of  cirri,  instead  of 
attempting  to  make  the  centro-dorsal  conform  to  their  law;  for  these 
cirri  are  radial  in  position,  as  they  shoidd  be  in  a  dicylic  form.  The 
later  cirri  are  given  off  apparently  without  regard  to  position.  ' 

It  is  to  be  noted  in  the  case  of  AiUedon  that  the  proximal  colxmuial 
fuses  with  the  infrabasals  at  an  extremely  early  stage  in  the  ontogeny 
of  the  animal.  Indeed  such  fusion  apparently  takes  place  before  the 
constituent  plates  of  the  theca  have  assumed  definite  positions  and 
have  become  apposed.  Such  a  condition  of  affairs  shows  a  high 
degree  of  acceleration  and  clearly  indicates  the  comparatively  ancient 
acquisition  of  a  detached  existence  by  this  Une.  As  a  result  of  this 
early  fusion  of  the  proximal  colimmal  with  the  infrabasals  the  centro- 
dorsal  assumes  a  position  within  the  basal  circlet  as  soon  as  the  plates 
acquire  a  definite  form.  This  condition  is  quite  different  from  that 
to  be  noted  in  earlier  and  less  specialized  tjpes,  as  will  be  indicated 
in  the  discussion  of  the  phylogeny  of  the  centro-dorsal. 

In  its  adult  expression  among  the  Comatulse  the  centro-dorsal 
assimies  widely  different  forms.  Primitively  low  and  bearing  but 
few  cirri,  in  some  forms  it  reaches  an  extraordinary  development. 
In  Ariieion  (Solanocrinus)  acrohicfaUitus  (PL  8,  fig.  3),  for  example,  it 
will  be  noted  that  the  centro-dorsal  is  of  great  length.  As  opposed 
to  this  condition  of  affairs  a  number  of  species  of  Acliruymetra  have 
the  organ  greatly  reduced  and  noncirriferous.     This  type  of  struo- 
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ture  has  been  described  by  various  authors  and  some  figures  of  A. 
nobUis  are  here  given  as  copied  from  Carpenter.  In  younger  speci- 
mens of  this  species  the  centro-dorsal  is  normally  cirrif  erous.  Subse- 
quently, however,  the  cirri  are  lost  and  the  centro-dorsal  becomes 
largely  resorbed  (PI.  6,  figs.  9-11).  Still  another  variant  is  to  be 
observed  in  the  case  of  such  a  form  as  Antedan  latidrra  (PL  8,  figp.  1, 2) . 
But  few  cirri  are  borne  by  the  centro-dorsal  and  these  are  of  relatively 
enormous  size.  Again,  in  many  of  the  species  of  ComatulsB,  both 
recent  and  fossil,  the  centro-dorsal  bears  large  numbers  of  cirri  either 
regularly  or  irregularly  arranged.  The  shape  of  the  centro-dorsal 
seems,  therefore,  to  vary  largely  both  as  to  shape,  size,  and  number 
of  cirri  borne.  This  variation  seems  to  obtain  not  only  among  differ- 
ent genera  and  species,  but  within  the  same  species,  dependent  upon 
the  d^ree  of  maturity  of  the  individual. 

I  Definition  of  (he  centro-dorsal. — ^Before  discussing  even  in  a  most 
general  way  the  interrelationships  of  the  forms  referred  to  the  Coma- 
tul»,  or  to  endeavor  to  establish  a  connection  between  any  of  these 
tjpes  and  their  stalked  ancestors  it  will  be  necessary  to  enter  rather 
deeply  into  a  discussion  of  the  evolution  of  the  centro-dorsal,  the 
organ  that  is  so  characteristic  of  these  eleutherozoic  forms.  It  may 
perhaps  be  best  to  limit  and  define  the  term  centro-dorsal.  The 
centro-dorsal  may  be  held  to  consist  in  its  simplest  form  of  the 
proximal  colimmal  to  which  the  infrabasals  have  been  fused.  Fur- 
thermore, centro-dorsal  as  here  used  may  only  apply  to  a  cirrif  er- 
ous organ.  It  is  evident  that  the  terms  proximate  and  centro-dorsal 
cover  an  essentially  similar  structure.  Indeed,  as  here  defined,  the 
only  essential  difference  lies  in  the  fact  that  one  bears  cirri  and  the 
other  does  not.  It  is  obvious  that  this  distinction  is  a  most  arbitrary 
one.  It  is  nevertheless  a  matter  of  some  convenience  to  draw  such  a 
line.  It  is  quite  within  the  bounds  of  possibility,  as  will  subse- 
quently be  shown,  that  the  term  ''centro-dorsal"  may  apply  to  two 
quite  different  structures.  As  above  defined  and  as  immediately  dis- 
cussed hereafter,  the  organ  is  held  as  having  the  same  position  gen- 
erally assigned  to  it.  After  having  indicated  in  a  general  way  the 
evolution  of  this  type  of  centro-dorsal,  the  evidence  for  another  and 
divergent  type  will  be  given. 

Evolution  of  ihe  centrale. — The  question  of  the  evolution  of  the 
centro-dorsal  involves  necessarily  the  question  of  the  evolution  of  the 
centrale.  This  in  turn  involves  questions  which  are  quite  without  the 
province  of  the  present  paper.  It  is  necessary,  however,  to  state, 
even  though  briefly,  an  opinion  relative  to  these  topics.  The  pres- 
ence of  a  persistent  proximal  columnal  has  been  used  by  Wachsmuth 
and  Springer  and  by  subsequent  authors  as  a  character  of  prime 
importance  in  the  classification  of  the  Crinoidea.  It  is  on  this  struc- 
ture that  the  Order  FlexibiUa  was  established.    I  do  not  believe  that 
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this  structure  has  the  importance  assigned  to  it,  but  that  it  is  a 
character  independently  acquired  m  several  lines  of  evolution.  . 

It  is  evident  that  the  forms  with  a  proximale  have  been  derived 
from  those  having  normal  stem  structure  where  new  columnals  are 
formed  immediately  beneath  the  proximal  circlet  of  thecal  plates. 
If  this  character  wero  acquired  in  a  single  genetic  line  it  would 
doubtless  be  of  considerable  value,  although  it  would  be  difficult  at 
best  to  distinguish  between  the  primitive  forms  having  such  a  col- 
umnal  and  those  from  which  they  were  derived.  We  are  dealing, 
however,  I  think,  with  a  type  of  structure  which  may  be  shown  to 
have  been  independently  acquired  by  numerous  offshoots  from  the 
Inadunata. 

It  is  a  question  whether  there  consistently  be  such  a  proxunale  as 
a  matter  of  fact.  We  may  certainly  postulate  its  existence  in  many 
adult  crinoids,  but  it  appears  to  me  highly  probable  that  in  the  ontog- 
eny of  many  such  forms  we  might  well  find  fresh  columnals  forming 
immediately  beneath  the  theca.  In  a  number  of  forms  referred  to 
the  Flexibilia  in  which  the  so-caUed  proximale  is  notable  because  of 
its  high  degree  of  differentiation  it  is  probable  that  we  may  frequently 
have  the  formation  of  new  colunmals  proximad  to  this  ossicle.  Such, 
for  instance,  is  apparently  the  case  in  the  genus  M^IUricrinus. 

The  appearance  of  an  apparently  persistent  proximal  colimmal  in 
MiUericfinus  is  of  considerable  interest  inasmuch  as  it  seems  to  have 
been  but  imperfectly  acquired  within  the  genus.  In  such  a  form,  for 
example,  as  M.  gracilis  tiie  proximal  colxunnal  may  be  seen  to  be  but 
slightly  differentiated.  In  M.  prattii  as  described  above  (p.  51)  the 
proximal  columnal,  although  apparently  well  formed,  seems  at  times 
to  be  superseded  by  the  formation  of  a  new  plate  between  it  and  the 
theca.  In  MiUericrinus  recubariensis  as  described  and  figured  by 
Bather  (1897),  a  species  that  Mr.  A.  H.  Clark  refers  to  Baikycrinus, 
the  proximal  columnal  is  said  ^'to  be  incomplete;  it  only  occupies  a 
portion  of  the  basal  surface  of  the  cup,  and  some  of  the  basals  rest, 
in  whole  or  part,  on  the  columnal  next  following.''  It  will  be 
unnecessary  to  enter  further  into  a  discussion  of  this  primitive  MiUerir- 
crinuSj  but  I  think  it  is  evident  that  we  have  here  good  evidence  of  the 
formation  of  a  new  colimmal  between  the  former  proximal  columnal 
and  the  theca.  Again,  within  the  genus  we  have  cases  in  which  the 
proximal  colimmal  appears  quite  as  highly  differentiated  as  in  any 
form  to  which  a  proximale  has  been  ascribed. 

In  certain  species,  as  in  if.  charpyi  (PL  7,  fig.  1),  and  less  notably 
perhaps  in  M.  heoAirrumti  (PI.  7,  fig.  2),  the  proximal  columnal  is  of 
great  height  and  is  considerably  differentiated  from  the  remainder  of 
the  colunmals.  In  such  cases  one  would  not  be  surprised  to  find 
detachment  becoming  effective  immediately  beneath  this  colunmal, 
and  the  crinoid  assuming  an  eleutherozoic  existence.    We  know  that 
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the  tendency  toward  this  life  is  quite  marked,  as  shown  by  the  modifi- 
cations of  M.  praMii. 

Whether  there  be  a  truly  persistent  proximal  columnal  or  not  it 
certainly  is  true  that  in  many  genera  at  a  certain  stage  in  the  growth 
of  the  organism  the  proximal  columnal  becomes  differentiated  in  a 
more  or  less  marked  manner  from  the  remaining  ossicles  of  the  column. 
The  tendency  is  constantly  toward  a  higher  degree  of  specialization 
in  this  regard,  and  no  doubt  the  structure  becomes  considerably 
affected  by  acceleration.  A  proximal  colunmal  may  only  be  safely 
called  a  proximale,  I  think,  when  fusion,  more  or  less  complete,  has 
taken  place  between  it  and  the  infrabasals.  Such  a  fusion  alone 
may  definitely  preclude  the  possibihty  of  an  intercalation  of  colum- 
nals  immediately  beneath  the  theca.  The  infrabasals  in  any  case 
must  be  small,  if  not  practically  obsolete.  In  consequence  of  this 
fact  the  proximal  colunmal  comes  to  he  within  the  basal  circlet. 
It  is  evident,  however,  that  its  contact  with  the  circumjacent  basals 
is  not  of  the  same  nature  as  that  of  a  centrale  with  its  juxtaposed 
plates. 

The  proximale  as  it  is  shown  by  different  genera  is  too  well  known 
to  warrant  extended  description.  Carpenter  (1884,  p.  25)  describes 
the  proximale  as  follows  in  the  case  of  Rhizocrinus: 

But  the  uppennost  joint  of  all  is  of  a  different  character  altogether.  It  has  a  pen- 
tagonal outline,  and  the  surface,  which  rises  gradually  from  the  circumference  toward 
the  center  by  five  radiating  ridges  into  an  -equal  number  of  trapezoidal  fossse  that 
receive  the  lower  ends  of  the  elongated  basals.  Here,  therefore,  we  find  the  top  stem 
joint  presenting  the  same  character  that  it  does  in  Apiocrinus  and  MillericrintiSf  and 
entering  to  some  extent  into  the  composition  of  the  cup,  while  the  new  joints  are 
probably  intercalated  below  it. 

Such  is  the  essential  structure  of  the  proximale  in  the  Bourgue- 
ticrinidsB,  with  which  we  are  immediately  concerned.  The  ^*  proxi- 
male" as  had  by  other  famihes  referred  to  the  FlexibiUa  will  not  be 
discussed,  as  having  but  slight  bearing  on  the  origin  of  the  centro- 
dorsal.  It  is  to  be  noted  in  the  description  above  that  the  proximale 
of  Rhizocrinus  does  not  present  ''the  same  character  that  it  does  in 
Apiocrinus  and  MiUericrinus.''  In  the  case  of  Rhizocrinus  fusion  of 
the  proximal  columnal  with  the  infrabasals  has  apparently  become 
completely  effective,  whereas  in  the  other  two  genera  cited  such 
fusion  is  by  no  means  universal. 

The  evolution  of  the  centro-dorsah — Having  briefly  outhned  the 
ontogenetic  development  of  the  centro-dorsal  in  the  case  of  Antedon 
and  discussed  in  a  general  way  the  structure  of  the  proximale  and 
centro-dorsal,  we  may  indicate  the  stages  by  which  these  structures 
have  been  acquired  phylogenetically.  As  above  mentioned  the  gen- 
erally accepted  type  of  centro-dorsal  will  be  dealt  with  first. 

We  must  of  necessity  begin  with  a  crinoid  in  which  columnals 
were  normally  produced  immediately  beneath  the  theca.     In  all 
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probability  we  need  not  go  back  into  the  Paleozoic  for  such  a  form. 
Subsequently  among  the  descendants  of  such  a  type  we  may  pos- 
tulate a  tendency  toward  the  acquisition  of  a  proximale.  The  essen- 
tial factor  in  such  an  evolutionary  process  is  naturaUy  a  decrease  in 
the  formation  of  ossicles  immediately  beneath  the  theca  and  a 
lengthening  of  the  stem  by  the  intercalation  of  new  columnals  distad 
to  the  proximal  columnal.  It  is  doubtful  if  there  are  many  forms 
among  which  formation  of  columnals  immediately  beneath  the  cup 
does  not  take  place  even  in  post-larval  stages  of  development.  The 
differentiation  of  a  persistent  proximal  columnal  may  no  doubt  be 
accounted  for  very  largely  on  a  purely  mechanical  basis,  though  con- 
cerning its  exact  nature  one  can  not  be  entirely  certain.  It  is  suffi- 
cient to  note  that  at  some  stage  in  the  development  of  the  animal 
the  topmost  colunmal  becomes  intimately  associated  with  the  proxi- 
mal elements  of  the  theca.  This  comes  as  the  direct  result  of  a 
gradual  diminution  in  the  size  of  the  infrabasals.  Such  a  tendency 
toward  the  elimination  of  the  infrabasals  brings  them  within  and  at 
the  apex  of  an  inverted  cup  in  the  base  of  the  theca.  This  results 
in  the  introduction  of  the  proximal  columnal  within  the  basal  circlet, 
as  r^ards  horizontal  position. 

Having  acquired  a  proximal  columnal  that  retains  its  position  as 
such  for  an  extended  period  during  the  adult  stages,  there  begins  an 
appreciable  differentiation  of  this  ossicle,  as  separating  it  from  the 
remainder  of  the  columnals.  These  differences  he  chiefly  in  a  length- 
ening of  the  columnal,  which  may  become  very  marked.  (PL  7,  fig.  1 . ) 
At  the  same  time  there  is  a  more  and  more  marked  inclusion  of  the 
ossicle  within  the  basal  circlet  accompanied  by  an  increasingly  close 
union  between  it  and  the  infrabasals.  Eventually  in  some  of  the 
later  stages  of  development  there  is  a  complete  fusion  between  the 
infrabasals  and  proximal  columnal.  At  this  stage  we  may  caU  the 
columnal  a  ^'proximale"  in  its  strictest  sense. 

Subsequent  to  the  differentiation  of  the  proximal  columnal  there 
was  no  doubt  a  constant  tendency  on  the  part  of  the  crinoid  to  break 
loose  from  its  column  immediately  beneath  this  ossicle.  The  process 
may  in  a  general  way  be  held  to  have  evolved  somewhat  in  the  man- 
ner to  be  observed  in  the  case  of  Millericrinus  praMii,  certain  speci- 
mens of  which  as  already  described  are  essentially  comatuhd,  barring 
the  lack  of  speciaHzation  relative  to  the  centro-dorsal  that  is  to  be 
noted  in  the  case  of  the  later  forms.  From  types  in  which  detach- 
ment occurs  infrequently  and  perhaps  at  different  points  in  the 
column  we  come  to  forms  among  which  detachment  becomes  uni- 
versally effective.  Detachment  at  first  is  to  be  found  only  in  adult 
stages,  but,  as  affected  by  acceleration,  was  pushed  farther  and 
farther  back  in  the  ontogeny  of  the  organisms. 
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The  next  step  is  marked  by  the  acquisition  of  cirri  borne  by  the 
proximate.  This,  according  to  definition,  woidd  constitute  the  for- 
mation of  the  first  true  centro-dorsal.  The  extreme  irregularity-  as 
regards  the  appearance  of  these  cirri  and  their  variable  number  point 
to  the  conclusion  that  they  are  not  modified  verticils  of  cirri  origi- 
nally borne  by  a  nodal.  In  such  forms,  indeed,  I  think  we  have  to 
look  among  stalked  Crinoidea  without  verticils  of  cirri  upon  the 
column  for  the  ancestors  of  the  free  types.  The  cirri  in  such  cases  I 
conceive  to  have  been  evolved  in  direct  response  to  the  needs  of  an 
eleutherozoic  habit.  At  the  same  time  I  do  not  beUeve  that  such 
cirri  coidd  have  been  evolved  were  it  not  for  the  fact  that  within 
this  genetic  line  there  was  a  tendency  toward  the  acquisition  of  such 
organs.  These  cirri  appearing  first  in  the  free-swimming  stages  per- 
haps are  progressively  found  earlier  and  earlier  in  the  ontogeny  of  the 
Hnimiila  until,  no  doubt,  cirri  were  borne  at  an  early  stalked  stage  in 
the  development  of  the  organ. 

Subsequent  to  the  acquisition  of  cirri  the  changes  in  the  gross 
structure  of  the  crinoid  skeleton  are  of  a  less  fundamental  nature. 
Detachment  from  the  column  takes  place  at  progressively  earlier 
ontogenetic  stages,  as  does  the  appearance  of  the  cirri.  There  is, 
moreover,  a  constant  tendency  toward  an  increase  in  the  number  of 
cirri.  The  infrabasals  continually  decrease  in  size  and  importance, 
and  a  reduction  in  the  size  of  the  basals  is  to  be  noted.  The  basals, 
moreover,  unite  to  form  a  "rosette"  and  do  not  appear  externally. 
Naturally  there  are  also  changes  in  the  musculature  of  the  arms 
and  in  the  type  of  union  between  the  ossicles.  The  degree  of  special- 
ization is  in  direct  proportion  to  the  length  of  time  that  has  elapsed 
since  the  assumption  of  an  eleutherozoic  existence. 

PJiylogenetic  steps  in  evolution  of  centro-dorsal. — ^The  steps  in  the 
evolution  of  the  centro-dorsal  as  briefly  outlined  above  find  expres- 
sion in  well-known  fossil  genera.  These  genera  may  not  represent 
actual  links  in  an  evolutionary  chain,  but  they  have  the  character 
that  such  ancestral  forms  undoubtedly  possessed.  Indeed,  it  is  by 
no  means  certain  that  these  genera  did  not  give  rise  to  successful 
comatuUd  lines.  If  they  themselves  did  not,  forms  not  widely  unre- 
lated may  be  held  to  constitute  the  necessary  ancestral  types. 

One  m^y  well,  I  think,  start  with  such  a  form  as  the  Cretaceous 
Mesocrinus,  which  has  been  described  and  figured  by  Carpenter  (1881). 
This  genus  apparently  has  a  fairly  well-developed  proximale,  which 
may  or  may  not  be  fused  with  the  infrabasals.  It  is  inserted  well 
up  in  the  cup  formed  by  the  basal  circlet.  The  proximale  is  small, 
however,  and  bears  no  cirri.  The  columnals  in  the  upper  portion 
of  the  stem  are  circular  in  section,  but  the  distal  ossicles  have  oval 
articular  faces.  The  column  evidently  pertains  to  the  Bourgue- 
ticrinid».    The  stem  in  its  distal  portion  is  comparatively  heavy  and 
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bears  radicular  cirri.  These  are  obviously  for  purposes  of  attach- 
ment.    Apparently  never  more  than  two  cirri  are  borne  by  a  columnal. 

In  another  Cretaceous  genus,  ThioUiericriniLs  (PL  7,  figs.  3-5),  we 
have  made  a  great  advance.  In  this  genus  detachment  had  become 
univeisally  effective,  disruption  occurring  immediately  beneath  the 
proximal  colunmal.  Even  though  detachment  took  place  late  in 
the  life  of  the  organism,  as  is  evidenced  by  the  large  size  of  the  articular 
face  on  the  lower  surface  of  the  centro-dorsal  (PI.  7,  fig.  5),  the  very 
fact  of  disruption  being  actually  effective  at  this  point,  shows  clearly 
that  an  eleutherozoic  habit  had  long  been  maintained.  This  is  further 
indicated  by  the  presence  of  cirri  on  the  centro-dorsal.  As  is  shown 
by  T.  Tierberti  (PI.  7,  fig.  3),  the  cirri  are  small,  few  in  number,  and 
irregularly  placed.  In  T.  fiexuo9U8  (fig.  4  on  the  same  plate)  the 
cirri  are  comparatively  larger,  more  numerous,  and  form  a  practically 
continuous  ring  about  the  centro-dorsal.  From  the  shape  of  the  artic- 
ular face  as  preserved  on  the  centro-dorsal  (PI.  7,  fig.  5)  it  is  evident 
that  this  genus  had  a  typical  B(mrgv£iii4n%nus  column.  Such  a  crinoid 
as  ThioUiericrinus  might  well  serve  as  a  point  of  inception  for  a  coma- 
tuUd  line.  If  such  be  the  case,  it  seems  probable  that  in  this  particular 
evolutionary  line  none  of  the  columnals  other  than  the  proximal  one 
goes  to  form  the  incipient  centro-dorsal.  This  seems  to  be  indicated 
from  the  fact  that,  owing  to  the  structural  pecuUarities  of  the  stems 
involved,  disruption  constantly  takes  place  immediately  beneath  the 
proximal  colunmal.  From  such  evidence  as  is  available,  it  seems 
possible  that  in  many  of  the  comatulid  lines  other  columnals  fuse 
with  the  proxunale,  however. 

Such  fusion  of  colunmals  seems  clearly  to  be  indicated  in  the  onto- 
genetic development  of  Antedon  as  figured  by  Carpenter  (1888,  PI. 
14).  Some  of  the  figures  are  here  reproduced  (PI.  7,  figs.  6-10). 
These  figures  serve  equally  well  to  show  the  development  of  the  cirri 
on  the  centro-dorsal.  Figures  8  to  10  represent  stages  in  develop- 
ment of  a  single  species  and  as  such  are  not  subject  to  the  structural 
variations  that  apparently  obtain  in  the  case  of  different  species.^ 

In  figure  7,  the  proximale  is  shown  as  the  shortest  columnal  in  the 
stem.  There  is  no  indication  of  the  presence  of  cirri.  In  figure  8, 
the  proximal  columnal  is  still  very  short,  but  bears  a  verticil  of  incip- 
ient cirri.  These  are  five  in  number  and  radially  disposed.  It  is 
to  be  noted  that  immediately  distad  to  the  proximale  there  are  three 

1  ICr.  A.  H.  Clark  says  that  these  three  specimens  identlfled  by  Carpenter  as  A .  mtMtjAna  do  not  appear 
to  belong  to  the  same  spedes  and,  Indeed,  may  be  referable  to  different  groups.  Furthermore  he  states 
that  the  figures  are  Inaoourate.  It  scarcely  seems  probable  that  the  draftsman  could  go  far  wrong  In  regard 
to  the  odumDals,  however,  and  the  evidence  of  fusion  having  taken  place,  thou^  by  no  means  oonolusiye^ 
stfll  seems  faiily  good. 

Mr.  Clark  believes  that  the  oentio-donal  never  consists  of  any  colunuials  other  than  the  proximal  one. 
This  is  unquestionably  true  in  many  species,  and  possibly  in  many  phyletio  lines,  but  such  Inconclusive 
evidflDoe  as  is  at  present  avaaable  scwoely  warrants  a  postulate  of  similar  conditions  as  a  universal  attribute 
of  the  ComatnlfB. 
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short  columnals.  The  fifth  columnal  is  much  higher,  and  is  of  a  rather 
peculiar  shape.  It  expands  from  below  upward,  and  contracts 
slightly  in  its  immediate  proximal  portion.  The  shape  of  this  colum- 
nal is  unique  among  the  other  elements  of  the  stem,  and  may  be 
recognized  in  the  succeeding  two  figures.  Such  being  the  case  it 
may  well  serve  as  a  datum  plane  for  identifying  the  columnals. 

In  the  stage  represented  by  figure  9  there  has  apparently  been 
a  fusion  of  the  colunmals.  The  cirri  are  borne  on  a  much  longer 
colunmal,  which  apparently  represents  the  proximal  colunmal  plus 
the  next  succeeding  ossicle.  This  fusion  can  not  be  demonstrated, 
but  it  seems  probable,  inasmuch  as  there  are  but  two  coliunnals  shown 
between  the  cirriferous  segment  and  the  characteristic  "fifth"  ossi- 
cle. This  does  not  prove  anything,  for  one  may  argue  that  the  num- 
ber of  columnals  between  the  proximale  and  "fifth"  ossicle  varies,  as, 
for  all  that  we  know,  it  may.  However,  an  extremely  close  union  is 
indicated  between  the  cirriferous  segment  and  the  next  lower  ossicle. 
As  here  given  the  suture  between  the  two  elements  it  drawn  as  well 
marked,  whereas  in  Carpenter  it  is  little  more  than  indicated.  The 
next  lower  ossicle  is  somewhat  smaller  in  diameter. 

In  the  next  stage  (fig.  10)  there  has  been  a  complete  fusion  between 
the  cirriferous  element  of  the  former  figure  and  the  next  lower 
columnal.  The  "fourth  "  colunmal  has  enlarged  and  is  of  practically 
the  same  diameter  as  the  centro-dorsal  above  it.  It  would  appear 
that  a  very  close  union  exists  between  this  ossicle  and  the  centro- 
dorsal,  and  that  the  two  elements  are  well  on  the  way  toward  fusion. 
Upon  detachment  it  appears  that  the  point  of  disruption  would  logi- 
cally be  between  the  "fifth"  ossicle  and  the  practically  consoUdated 
centro-dorsal.  The  union  between  the  two  seems  to  be  of  a  compara- 
tively loose  nature. 

From  the  facts  as  shown  by  these  specimens  we  may  reasonably 
assume,  I  beUeve,  that  there  has  been  a  fusion  of  columnals  with  the 
proximale  to  form  the  centro-dorsal  in  this  species.  Indeed,  I  think 
we  may  be  reasonably  sure  that  three  columnals  in  addition  to  the 
proximale  go  to  make  up  the  centro-dorsal.  By  the  direct  evidence 
as  apparently  afforded  by  a  living  species  we  may  conclude  then  that 
the  centro-dorsal  may  at  times  be  composed  of  several  fused  colum- 
nals. The  same  condition  seems  to  obtain  in  the  case  of  the  fossil 
CSomatidad,  but  in  regard  to  them  the  evidence  is  even  less  conclusive. 

Whether  the  fusion  of  several  columnals  to  form  the  centro-dorsal 
indicates  independent  derivation  from  that  had  by  forms  in  which  the 
centro-dorsal  is  composed  merely  of  the  proximale  such  as  is  doubtless 
the  case  in  TMoUiericrinus,  is  a  question.  The  colunmals  of  the 
stalked  Afttedonj  as  shown  in  figures  11  and  12,  Plate  7,  have  a  decid- 
edly Bcvrgudicrinua  type  of  structure.  The  evidence  seexns  to  point 
strongly  to  the  conclusion,  therefore,  that  we  have  to  look  among 
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the  BourgueticrinidsB  for  the  ancestors  of  this  genus,  though  not  nec- 
essarily by  way  of  either  Mesocrinua  or  ThicMericnnua.  It  may  well 
be  that  fusion  of  columnals  with  the  proximale  is  a  character  pro- 
gressively acquired  in  a  manner  comparable  to  that  in  which  we  note 
the  appearance  of  cirri  on  the  centro-dorsal.  Fusion  of  additional 
columnals  in  such  a  case  would  then  merely  indicate  a  comparatively 
high  degree  of  specialization. 

PolyphyUtie  nature  of  the  Comatvlx. — Aa  has  been  elsewhere  sug- 
gested, it  is  highly  probable  that  the  Comatulsd  represent  terminal 
members  of  a  number  of  hnes  of  development  in  each  of  which  an 
eleutherozoic  existence  has  been  independently  acquired.  They 
may  all  be  considered  as  offshoots  of  the  same  general  stock,  and  con- 
vergence has  served  to  evolve  strikingly  uniform  types.  Again,  the 
different  lines  have  had  their  inception  at  widely  different  time  peri- 
ods as  is  evidenced  by  the  extremely  variable  degree  of  specialization 
exhibited  by  contemporaneous  forms.  It  is  probable  that  we  must 
look  among  the  ApiocrinidsB  as  defined  by  Bather  (1900)  as  well  as 
among  the  Bourgueticrinidse  for  the  ancestors  of  the  Comatidse. 
Again,  it  is  quite  within  the  bounds  of  possibility  that  the  Pentacri- 
nidse  may  have  given  rise  to  such  eleutherozoic  forms. 

The  structural  characters  that  seem  to  indicate  the  presence  of  a 
number  of  genetic  lines  among  the  Comatulsd  may  not  here  be  gone 
into  in  any  considerable  detail.  The  evidence  on  the  whole  is  sug- 
gestive rather  than  conclusive  and  will  only  become  of  positive  value 
when  the  several  lines  are  worked  out  and  their  mutual  relationships 
established.  The  nature  of  the  evidence  is  of  two  sorts.  The  first  is 
as  regards  the  relative  specialization  of  contemporaneous  types  as 
indicating  the  relative  remoteness  from  stalked  ancestors.  The  sec- 
ond relates  to  the  structure  of  the  organisms,  as  indicating  the  mutual 
interrelationships  of  the  forms. 

The  disparity  in  degree  of  specialization  among  the  eleutherozoic 
forms  at  any  given  time  may,  if  judiciously  considered,  be  given  con- 
siderable weight.  Thus  in  the  Cretaceous  TJiioUiencrirms  we  may 
well  have  the  point  of  inception  for  a  comatuUd  line.  Living  at  the 
same  time  .were  highly  specialized  Comatulse,  and  these  were  preceded 
even  as  far  back  as  early  Jurassic  time  by  equally  distinctive  eleuthero- 
zoic types.  Concerning  the  high  degree  of  development  to  be  observed 
in  these  early  fosssil  forms  Carpenter  (1884)  writes  as  follows: 

Besides  their  tendency  to  combine  the  chaiactera  of  recent  generic  types,  the 
Jurassic  ComatulsB  are  remarkable  for  their  large  size,  as  are  also  Uie  Cretaceous  spe- 
cies. The  centro-dorsal  may  reach  from  9  to  13  mm.  in  diameter,  which  is  greater  than 
that  of  nearly  every  recent  species  except  Aruedon  eschrichti;  while,  this  type  and 
Actmometra  robtuta  are  almost  the  only  living  Gomatulse  with  arm-bases  anything 
like  as  massive  as  those  of  the  fossil  species.  Some  of  the  Cretaceous  forms  must  have 
been  very  large.  Thus  the  united  centro-dorsal  and  radials  of  Antedon  oampichei  from 
the  Neocomian  of  Switzerland  may  reach  15  mm.  in  height  and  over  20  nmi.  wide; 
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while  several  centro-donals  of  Anudon  from  the  Upper  Chalk  are  almoet  equally 
Splgantic. 

The  massive  arms  of  many  of  the  Comatnlse  seem  to  mark  the 
animals  as  far  from  primitive,  and  certainly  not  as  ancestral  to 
modem  types.  In  certain  cases  a  biserial  arrangement  of  the  arm 
ossicles  is  had^  such  as  for  instance  in  Antedon  thidUieri  figured  by 
de  Loriol  (1884-1889,  PL  224).  A  similar  form,  possibly  congeneric, 
has  been  described  and  figured  by  Jaekel  (1891)  as  Pacbyamiedon 
heyrichi.  The  lack  of  any  recorded  tendency  toward  the  acquisition 
of  similar  types  of  arm  structure  elsewhere  among  the  Comatul» 
seems  to  indicate  that  these  crinoids  form  a  distinct  off-shoot  from 
the  comatulid  stock,  if  indeed  it  does  not  indicate  a  separate  origin 
for  them.  Bather  (1900,  p.  195),  states  that  ''there  is  also  traceable 
in  the  arms  a  gradual  attenuation  *  *  *  "  when  considering  the 
evolution  of  the  Antedonidsd.  The  differences  to  be  observed  are 
not  evolutionary  in  the  sense  that  there  is  a  gradual  diminution  in 
the  thickness  of  the  arms,  but  rather  points  to  a  polyphyletic  origin 
of  the  forms  involved,  or  at  least  a  considerable  divergence  within 
the  stock. 

Again,  among  most  of  the  fossil  Comatulse  as  is  shown  by  figures 
3,  4,  7,  8,  Plate  8,  the  basals  are  well  developed  and  appear  promi- 
nently on  the  exterior  of  the  theca.  Among  recent  forms  the  basals 
are  greatly  reduced  (PL  5,  figs.  10  to  12)  and  seldom  are  to  be  seen 
externally.  In  many  cases  this  reduction  in  size  may  be  held  to  be 
the  result  of  a  gradual  evolutionary  process  subsequent  to  the  assump- 
tion of  an  elutherozoic  habit.  On  the  other  hand,  as  is  shown  by 
ThioUiencrirms  (PL  7,  figs.  3  and  4),  the  basals  have  become  obsolete 
in  the  adult  stages,  as  regards  their  appearance  on  the  outer  surface 
of  the  cup.  This  elimination  became  effective  while  the  stock  was 
yet  attached  or  but  irregularly  eleutherozoic. 

The  axial  canal  traversing  the  central-dorsal  of  a  comatulid  is  as 
a  rule  closed  and  smoothed  over  by  a  secondary  deposit  of  stereom. 
In  many  cases,  however,  the  lumen  is  open  at  the  distal  face  of  the 
centro-dorsal,so  that  its  nature  may  be  ascertained.  In  ThioUiericrir- 
nu8  (PL  7,  fig.  5),  the  perforation  is  circular,  or  somewhat  oval,  corres- 
sponding  to  the  shape  of  the  stem-lumen  in  the  Bourgueticrinid» 
in  general.  In  many  cases,  as,  for  instance,  in  certain  species  figured 
by  Carpenter  (18806  and  1881),  the  central  perforation  of  the  centro- 
dorsal  is  pentagonal  to  sharply  stellate  in  section.  How  much  reli- 
ance can  be  placed  upon  these  features  as  determining  independence 
of  derivation  it  is  hard  to  say  on  account  of  the  insufficient  data 
at  hand.  It  appears,  however,  that  they  are  of  some  value.  In 
this  connection  should  be  noted  the  observation  of  Carpenter  that 
the  centro-dorsal  of  Antedon  has  a  stellate  lumen  when  the  animal 
becomes  detached  from  the  column.    This  is  somewhat  remarkable 
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when  one  considers  the  B<mrgu€ticrinu8  type  of  colums  possessed^  and 
the  fact  that  the  stem  lumen  is  circular  in  section  (PI.  7,  fig.  12).^ 

The  evidence  relative  to  the  nature  of  the  perforation  of  the  cen- 
tro-dorsal  being  inconclusive  because  of  our  lack  of  exact  knowledge, 
it  is  necessary  to  fall  back  on  other  more  obvious  and  satisfactory 
characters.  Our  Plate  8,  figure  7,  is  given  a  view  of  the  lower  surface 
of  the  theca  of  Antedon  depresaa  from  which  the  centro-dorsal  has 
been  removed.  Figure  8  shows  the  normal  appearance  of  a  cup  with 
the  centro-dorsal  attached. '  To  be  compared  with  this  is  the  basal 
view  of  the  theca  of  Pentaerirms  (Extracrin/us)  dargniesi  (PL  8, 
fig.  5).  In  both  forms  we  may  note  a  general  similarity  iu  structure, 
particularly  as  regards  the  development  of  the  basals.  The  basals  of 
ArUedon  in  this  instance,  however,  quite  lack  the  petaloid  markings 
characteristic  of  the  Pentacrinus  and  the  PentacrinidsB  in  general. 
The  specimen  of  ArUedon  (SolanocnTma)  scrcbicuUUa  here  figured 
(PI.  8,  fig.  4)  is  noteworthy  in  this  regard.  As  may  be  seen,  the 
articular  faces  of  the  basals  have  the  characteristic  markings  of  the 
same  plates  in  the  case  of  the  Pentacrinidse.  Carpenter  (1880&)  has 
figured  Comatul»  exhibiting  the  same  type  of  structure.  Such  for 
instance  is  his  Actinametra  cheUcTiensis  (PL  11,  fig.  20b).  He  like- 
wise figures  a  specimen  of  AnUdon  (Solanocrinus)  scrobiculata  in 
which  the  markings  are  very  distinct.  This  type  of  articulation 
may  only  I  think  be  attributed  to  forms  in  which  a  pentalobate 
column  is  possessed  at  that  point.  The  natural  inference  is  that 
the  stalked  ancestors  of  such  types  are  referable  to  the  Pentacrinidsd, 
although  this  need  not  necessarily  follow.  It  seems  impossible,  how- 
ever, to  derive  these  types  directly  from  the  Bourgueticrinid». 

In  connection  with  the  statement  made  above  relative  to  the  possi- 
bility of  PerUacrimis  or  some  member  of  the  Pentacrinid»  having 
formed  the  radical  from  which  might  have  sprung  a  line  of  comi^ 
tuUds,  should  be  noted  certain  curious  structural  features  in  the  case 
of  PenJUurinua  (Extrdcrinus)  coRenoti  as  figured  by  de  Loriol  (1884-89, 
PL  199,  figs.  3,  3a,  3b)  showing  a  most  remarkable  modification  of 
the  normal  PefUacrinus  stem  structure.  In  this  form  it  is  to  be  noted 
that  the  column  in  its  proximal  portion  is  of  normal  size,  but  distad 
it  contracts  rapidly  forming  a  stump  of  exceeding  brevity.  This 
stem  fragment  consists  of  something  like  10  columnals.  In  every 
way  it  reminds  one  of  conditions  as  they  are  to  be  found  in  MUlerir 
crinua  prattii  where  a  few  of  the  proximal  columnals  remain  attached 

1  Tfaetypeof  ootmxmponessedby  the  larval  oomatulld  Is  after  all  directly  comparable  to  that  tobefoond 
in  the  very  young  AoerfntM.  As  flgnred  by  dark  (1906,  p.  88,  text  figs.  3  and  4),  the  distal  portion  of  the 
ooliimn  of  Jmxrinut  deeonu  has  oval  oolimmals,  essentially  similar  to  those  here  figured  in  the  case  of  Ante- 
don.  This  fact  again  indicates  a  close  relationship  of  ^e  Pentacrinidse  and  at  least  certain  lines  of  the 
Comatoto.  Indeed  in  both  types  there  is  an  essential  unity  of  structure  up  to  the  time  detachment  from 
tbe  larval  coinnin  becomes  effective.  Subsequent  to  that  time  the  critical  difference  is  that  the  Penta- 
oinidie  form  new  eohimnals  and  maintain  a  column  whereas  the  oomatuUds  do  not. 
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to  the  theca.  In  the  present  case  there  has  probably  been  a  dis- 
ruption of  the  column  in  its  proximal  portion  succeeded  by  a  partial 
resorption  of  the  columnals.  The  result  of  this  process  is  the  format 
tion  of  a  structure  closely  approximating  to  a  centro-dorsal.  The 
specimen  of  P.  sorlinensis,  figured  by  de  Loriol  in  the  same  volume 
(PI.  206),  apparently  may  be  explained  as  having  the  same  type 
of  structure.  In  this  case  the  coliunnals  bear  numerous  long  cirri 
which  had  probably  not  yet  been  acquired  in  the  specimen  previously 
described.  Such  a  disruption  of  the  column  in  the  case  of  PenJtOn 
cririAis,  taken  in  connection  with  what  we  know  relative  to  the  wide 
maintenance  of  a  detached  existence  by  these  forms,  indicates  that 
there  was  a  strong  tendency  among  the  Pentacrinidsd  toward  the 
formation  of  essentially  comatuUd  types.  Such  forms  as  those 
described  above  need  but  a  fusion  of  the  colunmals,  and  an  increase 
in  the  number  and  speciaUzation  of  the  cirri  to  make  very  fair 
Comatulae. 

Another  feature  which  is  not  of  great  importance  but  nevertheless 
is  somewhat  suggestive  of  a  similar  derivation  is  the  distinctly 
pentagonal  section  of  many  of  the  fossil  comatuUd  centro-dorsals. 
This,  for  instance,  may  be  noted  in  Antedon  (Solanocrinus)  scrobicvr- 
lata  (PI.  8,  fig.  3),  in  Antedon  depressa  (PL  8,  fig.  8),  and  in  many 
other  fossil  comatuUds  as  figured  by  various  authors.  In  the  case 
of  A.  scTohicvlata  it  is  further  to  be  noted  that  the  cirrus  sockets  have 
an  alternating  "biserial"  arrangement  which  points  rather  strongly 
to  the  conclusion  that  each  successive  cirrus  on  any  given  face  of  the 
centro-dorsal  pertains  to  a  distinct  columnal.  The  pentagonal  cross- 
section  of  such  centro-dorsals  may  be  held  as  resulting  from  secondary 
changes  as  induced  by  the  presence  of  cirri,  but  comparison  of  these 
centro-dorsals  with  subglobose  or  bowl-shaped  types  seems  to  indicate 
that  this  may  not  necessarily  be  the  case.  Indeed  the  tendency 
toward  modification  of  the  shape  of  the  centro-dorsal  points  rather 
toward  the  acquisition  of  a  quite  dissimilar  type  of  organ. 

It  is  not  impossible  that  we  may  look  among  the  species  of  MxUeri- 
crinuSf  as  defined  by  de  Loriol,  for  ancestors  of  certain  comatulid 
lines.  This  genus,  as  defined  by  de  Loriol,  contains  many  highly 
divergent  types  wluch  at  best  may  not  be  held  as  congeneric.  Certain 
species  tend  toward  ApiocrinuSy  which  was  doubtless  derived  from 
these  forms,  while  others  simulate  in  a  marked  degree  members  of  the 
PeTdacrinidx.  The  genus  is  not  as  far  removed  from  the  Pentar 
crinidsB  as  is  currently  held,  but  whether  these  strikingly  similar 
types  represent  members  of  quite  distinct  phyletic  fines  or  are  the 
result  of  convergence  it  is  impossible  to  say.  The  evidence  certainly 
points  to  a  common  ancestor  not  far  removed.  Taking  MiXUricrinus 
in  its  accepted  sense  one  might  explain  the  petaloid  markings  of 
certain  Comatulae,  as  noted  above,  as  the  result  of  derivation  from 
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this  genuS;  for  many  of  the  species  referred  to  MiUericrinus  have  such 
a  type  of  articulation.  A  careful  examination  of  these  forms  may 
prove  that  they  are  after  all  referable  to  the  Pentacrinid»  rather  than 
to  the  Apiocrinid®.  The  high  degree  of  differentiation  of  the  proxi- 
male  in  certain  species  of  MiMericrinus  may  indicate  a  tendency  within 
the  genus  toward  the  formation  of  Comatula-like  types  by  a  dis- 
ruption of  the  column  immediately  distad  to  this  ossicle,  after  the 
manner  of  ThioUiericrinus.  Such  a  type  of  structure  has  already 
been  noted  in  the  case  of  M.  prattii,  although  cirri  were  not 
acquired  by  this  form. 

Relationships  of  the  ComatuUe. — Having  briefly  shown  some  of  the 
reasons  for  assuming  that  the  Comatulae  represent  terminal  members 
of  a  number  of  genetic  lines,  it  may  be  well,  broadly,  to  indicate  the 
relationship  of  these  forms  to  the  Crinoidea  at  large.  Bather  and 
other  authors  have  referred  the  ComatulsB,  together  with  a  number  of 
other  post-Paleozoic  Crinoidea,  to  the  Flexibiha.  For  the  reception 
of  this  assemblage  Bather  has  erected  the  Grade  Pinnata.  I  believe 
that  the  Pinnata  should  be  transferred  bodily  to  the  Order  Inadu- 
nata.  The  presence  of  a  persistent  proximale,  if  there  be  such  a 
columnal,  has  certainly  not  been  established  in  the  case  of  these 
forms,  as  has  elsewhere  been  pointed  out.  On  the  other  hand,  the 
structural  affinities  of  these  organisms  seem  to  he  far  more  with  the 
Inadunata.  Among  all  the  known  post-Paleozoic  Crinoidea  there  is 
an  essential  unity  of  structure  that  points  strongly  to  a  not  widely 
diverse  origin.  The  ancestors  of  these  Crinoidea  may  not,  I  think, 
be  found  in  any  known  Paleozoic  genera,  but  must  be  sought  in  early 
Mesozoic  or  late  Paleozoic  forms  of  minute  dimensions. 

TYPE  2. 

The  genera  referable  to  this  group  probably  constitute  the  only 
Crinoidea  that  maintain  a  truly  eleutherozoic  existence  through 
their  own  exertions  as  freely  swimming  organisms.  With  them 
detachment  from  the  column  comes  at  a  very  early  stage  and  results, 
as  I  hold,  in  the  complete  loss  of  that  organ.  The  space  inclosed  by 
the  proximal  circlet  of  plates — either  basals  or  infrabasals — ^through 
which  the  axial  organs  passed  in  the  stalked  ancestral  forms  is  closed 
by  a  pentagonal  plate,  to  which  Bather  has  appUed  the  name  ^'cen- 
trale."  Concerning  the  nature  and  origin  of  this  plate  it  will  be 
necessary  to  go  into  considerable  detail.  One  of  the  most  curious 
features  about  these  crinoids  is  their  apparent  lack  of  antecedents. 
When  first  seen  they  are  full-fledged  pelagic  types  of  a  most  remark- 
able degree  of  specialization,  and  it  is  a  matter  of  exceeding  difficulty 
even  approximately  to  predicate  the  nature  of  their  progenitors 
except  in  a  very  broad  way. 
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The  three  genera  constituting  this  group  have  been  described  and 
illustrated  so  adequately  by  various  authors  that  it  will  scarcely  be 
necessary  to  give  any  description  of  the  forms  other  than  may  be 
required  in  a  consideration  of  the  broader  aspects  of  certain  struc- 
tural features  here  discussed.  Of  prime  importance  in  a  considera- 
tion of  these  types  is  the  question  of  the  origin  and  homologies  of 
the  central  apical  plate,  or  centrale,  which  has  been  the  subject  of  a 
considerable  amount  of  speculation.  This  topic  bears  largely  not 
only  on  the  structure  and  relationships  of  these  three  genera,  but  also 
on  many  broader  morphologic  and  taxonomic  questions. 

Bather  on  the  ^' centrale.'^ — ^Bather  (1896,  p.  979),  in  speaking  of  the 
centrale  of  Uintdcrinus,  says: 

The  centrale  is  pentagonal,  but  in  specimens  examined  not  quite  regular  *  *  *, 
It  is  perfectly  smooth,  showing  no  signs  either  of  a  stem-attachment  or  of  partition  into 
moi^  than  one  original  element.  Its  homologies  are  therefore  doubtful,  as  its  struc- 
ture and  position  permit  it  to  represent  either  a  relic  of  a  stem  or  a  fused  infrabasal 
circlet,  or  even,  as  some  would  have  it,  an  additional  element  altogether,  to  which  the 
name  "dorsocentral"  might  strictly  be  applicable.  I  have  recently  given  reasons  for 
rejecting  the  term  and  the  idea  ^'dorsocentral."  Which  of  the  other  alternatives  be 
correct  is  to  be  decided,  if  at  all,  by  reference  to  the  aflinities  and  origin  of  the  genus, 
as  to  which  we  are  at  this  stage  of  the  inquiry  quite  in  the  dark. 

Referring  to  the  group  comprising  Saccocoma,  MarsupiteSj  and 
UintOrCrinua,  he  says  that  the  central  apical  plate  may  originate  in 
three  ways  (1896,  p.  997): 

One  may  say,  if  one  chooses,  that  in  Saccocoma  this  represents  the  fused  basals  and 
in  Uintacrinus  the  fused  infrabasals;  but  in  MarsupUes  it  must  be  something  else. 
Or  one  may  say  that  in  each  case  it  is  the  same  element,  be  it  the  proximal  stem- 
ossicle  (which  some  erroneously  call  ^'centrodorsal")  or  the  distal  stem-ossicle  (which 
some,  seeking  an  homology,  have  called  ^^dorso-central"),  or  perhaps  a  new  plate 
altogether,  a  simple  supplementary  plate  developed  to  fill  up  the  gap  left  by  the 
disappearance  of  the  stem.  One  might  argue  forever;  there  is  no  evidence.  The  one 
obvious  fact  is  that  such  a  central  plate  is  found  in  three  different  forms,  all  of  which 
were  free-swimming,  and  unlike  all  other  crinoids  in  showing  absolutely  no  trace  of 
a  stem.  It  is  therefore  not  safe  to  ascribe  to  the  central  plate  any  morphological 
significance  or  to  give  it  any  name  other  than  "centrale." 

In  1900  (1900,  p.  135)  Bather  modified  his  statement  in  regard  to 
the  nature  of  this  plate  in  Uintacrinv^. 

*  *  *  in  Uintacrinus  and  Manupites  it  represents  neither  basals  nor  infra- 
basals, but  may  be  the  proximale,  or  the  supposed  distal  columnar  plate  (''dorso- 
central"),  or  a  new  supplementary  plate. 

Springer  on  the  ''centrale.'' — Springer  (1901,  p.  22),  in  discussing 
the  centrale  of  Uintacrinvs,  quotes  the  statements  made  by  Bather 
in  his  paper  on  UinlacrinuSj  and  seeks  (1901,  p.  28)  to  arrive  at  a 
more  definite  conclusion  in  regard  to  the  origin  and  homologies  of  the 
plate.  It  will  be  noticed  that  he  deals  only  with  the  suggestions  of 
Bather  as  presented  in  his  TJiTdacrinua  paper  and  not  as  subsequently 
modified  in  Lankester's  Zoology.    He  says  in  part  (p.  28) : 
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*  *  *  it  can  not  be  (1)  the  fused  infrabasals,  because  it  is  found  here  coexistent 
with  them,  a  distinct  element,  situated  within  their  circlet.  There  are  thus  left  the 
other  poasibilities,  viz:  (2)  That  it  is  the  representative  of  the  proximal  or  distal 
stem  ossicle;  or  (3)  "a  simple  supplementary  plate  developed  to  fill  up  the  gap  left 
by  the  disappearance  of  the  stem." 

To  the  second  and  third  hypotheses  he  objects  (p.  28)  on  the 
ground — 

That  the  centrale  is  located  within  the  circlet  of  infrabasals,  and  abuts  against 
them  by  their  inner  &ces,  instead  of  by  their  outer  or  dorsal  sides.  It  does  not 
envelop  or  conceal  the  infrabasals,  as  the  proximal  columnal  does  in  pseudo-mono- 
cyclic  forms;  nor  the  basals  and  radials,  as  the  representative  of  the  stem  in  the 
Comatulse  usually  does,  although  there  is  an  exception  to  that  in  the  case  of  certain 
living  species  of  Actinometra,  and  in  many  fossil  Comatuke.  On  the  other  hand,  the 
orientation  of  the  centrale  is  precisely  as  the  stem  should  be;  i.  e.,  interradial  when  the 
infzabasals  are  present,  and  radial  when  they  are  not.  And  the  orientation  is  strongly 
against  the  third  of  the  above  suppositions.  For  the  gap  left  by  the  disappearance 
of  the  stem,  and  to  be  filled  up  by  stereom,  would  be  the  axial  canal  piercing 
the  base  of  the  calyx  at  the  center  of  the  basal  or  infrabasal  ring.  This  would  be 
radial  in  the  latter  case  and  interradial  in  the  former.  A  supplemental  plate 
developed  to  fill  up  this  space  should  have  the  same  orientation;  but  this  is  just  the 
reverse  of  what  is  exhibited  by  the  centrale.  It  seems  to  me,  therefore,  that  the 
aigument  is  decidedly  in  feivor  of  the  view  that  the  centrale  is  a  relic  of  the  stem  of 
the  Stalked  Crinoids,  if  not,  indeed,  of  the  pedunculate  stage  of  Uintacrinus  itself. 

This  last  statement  is  explained  more  at  length  on  page  59,  where 
he  implies  that  the  centrale  is  a  modified  proximale  as  in  MiUericrinvs 
pratHi,  Actinometra,  and  other  Comatulae. 

Probable  origin  of  the  centrale. — ^At  this  point  I  wish  merejy  to  con- 
sider the  second  and  third  possibilities  given  by  Bather,  and  the 
objections  raised  in  regard  to  them  by  Springer.  Against  the  hypoth- 
esis that  the  plate  represents  the  proximal  or  distal  stem  ossicle,  he 
brings  the  argument  that  the  centrale  lies  within  the  circlet  of  infra- 
basals, and  "abuts  against  them  by  their  inner  faces,  instead  of  by 
their  outer  or  dorsal  sides,  etc."  This  objection  I  consider  insuper- 
able, although  Springer,  as  above  quoted,  apparently  does  not,  con- 
sidering such  a  solution  of  the  problem  the  most  reasonable  one.  In 
no  case  do  we  know  of  the  proximal  columnal  taking  part  in  the 
dorsal  cup  except  as  a  proximale,  fusing  with  the  infrabasals  which 
it  overlies.  Nor  can  we  readily  imagine  a  proximal  columnal,  resting 
on  the  outer  faces  of  the  infrabasals,  consolidated  into  a  plate  which 
is  squeezed  into  an  opening  of  the  size  of  the  axial  canal  with  which, 
as  a  colunmal,  it  was  itself  perforated. 

An  obvious  argument  against  this  last  conception  is  that  the  sepa- 
ration of  the  crown  and  stem  took  place  very  early  in  the  ontogeny 
of  the  animal,  and  that  the  proximale,  now  the  centrale,  enlarged 
but  very  slightly  or  not  at  all  in  the  subsequent  growth  of  the  crinoid. 
Even  at  this  early  stage,  however,  the  proximale  would  have  had  to 
fit  into  an  opening  smaller  than  itself.  The  cases  among  AcHnometra 
where  the  cirri  are  lost,  and  the  centrodorsal  by  partial  resorption 
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becomes  rounded  and  flush  with  the  adjacent  plates  (PL  6,  figs.  9  to 
11,  and  PL  5,  figs.  10  to  12),  rests  on  an  entirely  different  footing. 
Here  the  proximale  is  probably  fused  with  the  infrabasals,  and  par- 
tially with  the  basals.  Agam,  the  centrale  of  Uintacrinus  is  very- 
thin,  and  shows  no  sign  of  a  central  perforation  in  either  a  dorsal  or 
ventral  view.  Had  there  ever  been  one,  there  would  most  certainly 
have  been  a  decided  thickening  of  the  plate,  which,  even  if  par- 
tially resorbed  in  the  adult,  would  be  indicated  in  very  yoimg  speci- 
mens.   Such,  however,  is  not  the  case. 

Now  let  us  turn  to  the  third  hypothesis,  which  is  so  improbable 
on  the  grounds  of  orientf^tion.  Accprding  to  Springer,  in  the  passage 
quoted  above,  a  supplemental  plate  should  conform  to  the  angles  of 
tiie  axial  canal,  being  radial  in  a  dicyclic  form  and  interradial  in  a 
monocycUc  individual.  This  is  absolutely  at  variance  with  the 
observed  condition  of  affairs,  as  is  shown  on  Plate  9,  figures  1  and  11. 

Oarahocrinus,  a  dicycUc  Inadimate  from  the  Ordovician  has  a 
decidedly  pentalobate  axial  canal,  which  is  radial  as  should  be  the 
case  in  a  dicycUc  form.  In  a  specimen  from  which  the  column  had 
been  broken,  careful  cleaning  shows  that  the  infrabasals  are  distinctly 
invaginated  by  the  axial  canal  at  their  lower  margins.  It  has  been 
my  good  f ortime  to  obtain  an  adult  specimen  of  Carabocrinus  radiatus 
from  the  Trenton  limestone  of  Canada,  which,  probably  through 
some  accident,  completely  lost  its  column  during  Ufe.  That  this 
separation  of  stem  and  crown  occurred  late  in  the  life  of  the  indi- 
vidual, there  can  be  little  doubt.  The  stem-cicatrix  on  the  inner 
edges  of  the  inirabasals  is  distinctly  marked,  and  is  of  considerable 
size.  A  comparison  of  the  diameter  of  the  stems  of  other  specimens, 
with  the  diameter  of  the  cicatrix  in  this  individual,  indicates  that  the 
ciinoid  could  not  have  been  a  great  deal  smaller  when  it  became  free 
than  it  is  at  present.  In  this  specimen  we  find  a  small  centrale  within 
the  inirabasal  circlet.  In  this  case  there  was  no  possible  chance  of 
the  proximal  columnal  becoming  transformed  into  a  centrale.  The 
proximal  columnal  was  fully  formed,  and  over  twice  the  diameter 
of  the  opening  left  between  the  infrabasals.  Moreover  it  lay  on  the 
outer  faces  of  these  plates.  Such  a  colunmal  could  scarcely  be 
imagined  by  the  exercise  of  ever  so  much  ingenuity  to  become  a 
comparatively  minute  plate,  lying  within  the  infrabasal  circlet,  and 
abutting  against  the  inner  faces  of  these  plates. 

Granted  then  that  this  centrale  could  not  have  been  formed  from 
the  proximal  coliminal,  the  question  naturally  arises  as  to  what  it 
really  is.  The  only  possible  answer  is  that  it  is  an  entirely  new 
element,  fimctioning  as  a  plug  to  stop  up  the  axial  canal.  A  hint  as 
to  the  possible  derivation  of  this  plate  is  given  by  Carpenter  (1884, 
p.  34).  In  Bothy crinus,  Rhizocrinus,  and  PentdcrimLS  there  is  in 
the  lower  inner  portion  of  the  dorsal  cup  a  sort  of  plug  formed  of 
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calcareous  matter.  In  these  forms^  this  plug  only  extends  to  the  tops 
of  the  basaJs,  and  is  of  rather  loose  textiure.  It  shows,  however,  the 
tendency  of  calcareous  matter  to  be  deposited  in  the  basal  portion  of 
the  cup,  which;  in  case  of  the  detachment  of  the  crinoid  from  its 
column,  could  readily  be  formed  into  a  solid  plug.  A  relatively 
slight  extension  of  this  calcite-depositing  tissue  would  completely 
fill  the  axial  canal,  and  form  a  plate  which  on  the  exterior  would  be 
flush  with  the  plates  of  the  proximal  circlet.  Thus  it  is  probable  that 
in  the  case  of  Catvhocrinus  at  least,  the  centrale  was  formed  from 
within,  outward. 

The  most  astonishing  thing  about  this  plate  in  CatubocrimLS  is  that, 
contrary  to  all  expectations,  it  does  not  form  a  stellate  plug  which 
merely  fills  up  the  axial  canal,  and  the  angles  between  the  infra- 
basals,  but  actually  constitutes  a  pentagonal  interradial  centrale. 
The  orientation  of  a  central,  apical  plate,  then,  if  it  lies  within  the 
proximal  circlet  of  plates,  and  ''abuts  against  them  by  their  inner 
faces''  is  of  absolutely  no  importance.  The  centrale  in  all  cases 
conforms  to  the  angles  of  the  adjacent  plates  and  not  to  the  lobes 
of  the  axial  canal.  Another  instance  of  a  plate  conforming  to  the 
surrounding  plates  has  already  been  given  in  the  case  of  Antedon. 
Here  we  find  in  the  early  stages  that  the  proximale  is  pentagonal, 
and  radial  in  position,  its  shape  being  controlled  by  the  basals. 
Later,  when  the  centrodorsal  has  overgrown  the  basals,  the  shape 
of  the  plate  is  governed  by  the  general  contoiur  of  the  calyx  and  the 
presence  of  cirri.  These  factors  are  of  course,  not  at  all  of  the  same 
nature  as  the  one  that  controls  the  plate  when  it  lies  within  the 
proximal  circlet.  In  the  latter  case  it  is  the  absolute  lateral  con- 
tact of  the  adjacent  plates  that  governs  its  form. 

The  centrale  of  Uintacrinus,  I  take  it,  was  an  entirely  new  element, 
formed  much  in  the  same  manner  as  the  plate  in  OarabocrimLS.  The 
presence  of  infrabasals  and  the  centrale  in  some  of  the  individuals 
precludes  the  possibility  of  its  having  been  formed  by  the  fusion  of 
the  infrabasals. 

Significance  of  both  mono  and  dicydic  bases  in  VinkLcrimis. — ^The 
presence  in  UinUurinus  of  apparently  both  dicyclic  and  monocyclic 
types  has  been  considered  as  of  the  utmost  importance  by  Springer 
and  others,  as  conclusively  showing  the  unimportance  of  the  features 
upon  which  Bather  has  made  his  main  divisions  of  the  Crinoidea. 
Mr.  Springer's  views  on  the  subject  may  best  be  explained  by  a 
quotation  from  his  work  on  TJintacrinus  (1901,  p.  30): 

If  the  two  fomiB  of  baae  represented  by  text  figures  1  and  2  had  been  found  in  speci- 
mens otherwise  separable,  they  would,  under  Mr.  Bather's  arrangement,  have  been 
unquestionably  referred  to  different  genera,  families,  orders,  and  subclasses.  Con- 
sidering the  apparent  identity  of  these  forms  in  every  other  point  of  structure,  coupled 
with  their  mode  of  occurrence  and  association,  I  do  not  see  how  any  such  sepazation 
can  possibly  be  made  in  this  case.    We  therefore  have  apparently  to  deal  with  a  i 
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of  individual  variation,  as  to  this  supposed  primitive  character,  within  the  limits  of  a 
species.  That  is  to  say,  in  this  species,  living  in  the  same  locality,  having  the  same 
environment,  floating  in  the  same  mass,  certain  individuals  matured  to  represent  one 
stage  of  larval  development,  i.  e.,  with  infrabasals,  and  others  in  another  stage,  i.  e., 
with  hasals  only.  In  short,  they  are  the  two  supposed  distinct  types,  Monocyclica 
and  Dicyclica,  occurring  in  both  young  and  adult  of  one  and  the  same  species. 

Why  is  not  the  centrale  in  the  so-called  "monocyclic"  type  of 
UirUacrinus,  merely  the  primitive  centrale  of  the  dicyclic  type  to 
which  the  infrabasals  have  become  fused  ?  Springer,  in  his  memoir 
on  UirUacrinus,  argues  against  the  transmutation  of  one  form  into 
the  other  on  various  grounds.  His  arguments  may  best  be  brought 
under  several  headings,  and  so  discussed.  All  page  references  are  to 
his  work  on  UirUacrinus  unless  otherwise  stated. 

On  page  25  he  says:  "The  differences  presented  by  forms  M  and 
D  are  not  correlated  with  any  other  characters.  They  have  no 
apparent  relation  to  size  or  maturity  of  the  specimens,  and  therefore 
could  not  have  been  the  result  of  differences  in  individual  growth." 
Against  this  assertion  I  can  offer  no  more  convincing  proof  than 
Springer's  own  subsequent  statements:  "There  is  no  reason,  based 
upon  any  characters  exhibited  by  these  specimens,  for  any  inference 
as  to  one  being  prior  in  development  rather  than  the  other,  unless  it 
is  the  greater  prevalence  of  Form  D  among  the  young  individuals." 
This  prevalence  of  Form  D  in  the  young,  we  find  to  be  very  striking 
indeed,  and  is  of  the  utmost  significance.  On  page  34  we  find  the 
relative  proportion  of  Form  D  among  the  young  and  adult  specimens 
to  be  as  follows:  "Among  specimens  measuring  under  25  mm.  across 
the  calyx,  75  per  cent  are  dicyclic;  while  among  those  of  maximum 
size — 50  mm.  and  over — the  proportion  of  dicyclic  is  about  40  per 
cent."  In  the  face  of  these  figures,  he  continues  (p.  34):  "If 
there  were  a  tendency  to  develop  by  individual  growth  into  either 
form,  then  we  ought  to  find  practically  all  the  adult  specimens 
belonging  to  that  form;  and  the  same  thing  would  be  true  if  the 
transition  took  place  during  the  larval  stage." 

It  is  true  that  we  do  not  have  all  the  adults,  or  90  odd  per  cent  of 
them,  "monocyclic,"  or  all  the  young  "dicyclic,"  nor  should  we 
expect  it.  A  change  from  25  to  60  per  cent,  which  expresses  the 
change  in  percentage  of  "monocyclic"  forms  in  the  young  and  in  the 
adult  stage,  is  rather  startling,  however.  As  a  matter  of  fact,  the 
change  is  slightly  less  than  that  just  given,  based  on  Springer's 
figures  given  below.  On  page  86  in  a  table  that  recapitulates  the 
data  bearing  on  the  number  of  interbrachial  plates  and  the  character 
of  the  base,  we  find  that  out  of  a  total  number  of  82  individuals 
measuring  less  then  25  mm.  in  diameter,  but  20  are  "monocyclic." 
This  gives  us  a  percentage  of  a  trifle  over  24  per  cent — not  23  as 
given  in  this  table,  where  the  percentage  of  "dicyclic"  specimens  is 
set  down  as  77  per  cent.    Among  individuals  having  a  width  of 
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calyx  of  from  61-75  mm.,  59  per  cent  are  monocyclic.  The  high 
percentage  of  Form  D  in  the  youBg  and  the  low  percentage  of  the 
same  type  among  the  adult  specimens  is  evidence  amounting  almost 
to  proof  that  there  is  a  change  in  the  structure  of  the  base  in  the 
ontogeny  of  the  animal. 

It  may  be  argued,  and  this  seems  to  be  the  attitude  assumed  by 
Springer,  that  if  the  change  from  dicyclic  to  ''monocyclic"  took 
place  in  the  ontogency  of  certain  individuals,  the  same  process  should 
be  effective  in  all  cases.  It  is  highly  unreasonable  to  look  for  the 
transmutation  of  one  type  into  the  other  in  the  case  of  each  and 
every  crinoid.  Such  a  universal  acquisition  of  this  character  could 
only  obtain  where  the  tendency  had  become  most  thoroughly  impressed 
upon  the  race  through  its  acquirement  by  a  great  number  of  succes- 
sive generations.  In  Uintdcrinvs  the  tendency  toward  the  fusion  of 
infrabasals  with  the  centrale  had  its  inception  at  no  very  remote  date. 
This  is  clearly  shown  by  the  fact  that  the  period  of  fusion,  although 
variable  as  to  the  time  of  occurrance,  in  most  cases  comes  rather  late 
in  the  ontogeny  of  the  animals. 

An  examination  of  the  tables  in  Mr.  Springer's  monograph  on 
pages  78-86  will  show  even  more  clearly  than  the  percentages  already 
given  how  gradually  and  at  what  different  stages  in  development  the 
change  from  one  form  to  the  other  took  place.  These  facts  prove 
that  the  fusion  of  the  infrabasals  was  a  comparatively  new  thing, 
and  as  a  result  was  not  uniformly  acquired  by  the  different  individ- 
uals. Everywhere  we  find  that  certain  individuals  are  more  acceler- 
ated in  development  than  others.  A  structure  that  appears  ia  one 
UirUa4Tinu8  when  but  25  mm.  or  less  in  diameter  might  well  be  re- 
tarded in  another  until  the  animal  had  attained  its  maximum  growth. 
Another  factor  that  may  be  considered  is  that  of  sexual  difference.  It 
is  a  matter  of  conunon  knowledge  that  one  sex  is  frequently  more 
accelerated  in  development  than  the  other,  and  I  have  been  assured 
by  Prof.  R.  T.  Jackson  tha^  such  is  the  case  among  living  Echino- 
derms,  at  least  in  some  forms.  This  differential  sexual  acceleration 
I  would  not  lay  much  stress  upon  for  the  reason  that  probably  the 
females  so  greatly  exceeded  the  males  in  number  that  any  such  differ- 
ence would  but  slightly  affect  the  general  result.  This  probable  pre- 
ponderance of  the  females  over  the  males  will  be  discussed  .later. 

At  any  rate  we  can  readily  conceive  that  such  a  fusion  of  the  cen- 
trale with  the  infrabasals,  taking  place  first  in  the  adult  crinoids, 
gradually  was  pushed  back  farther  and  farther  in  the  ontogeny  of  the 
animals,  and,  finaUy,  may  have  taken  place  immediately  upon  the 
formation  of  the  centrale,  following  the  detachment  of  the  crinoids 
from  their  stems.  This  acceleration  in  development,  resulting  in  the 
acquirement  of  a  * 'monocyclic"  base  at  various  stages  of  growth 
answems  perfectly  the  objection  raised  by  Springer  on  page  26  in 
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regard  to  the  relative  size  of  the  centrale.  We  find  in  TJirUacrinua 
that  the  centrale  varies  considerably  in  size,  apparently  irrespective 
of  whether  it  occurs  in  Form  M  or  D,  or  of  the  size  of  the  individual 
to  which  it  belongs.  Apparently,  however,  the  centrale  in  Form  D 
is  "often  veiy  small."  In  some  cases  where  fusion  does  not  take 
place  the  centrale  increases  somewhat  in  size.  There  is  indeed  no 
good  reason  why  the  centrale  in  Uintacrimis  should  not  show  varia- 
tion in  size  in  different  individuals.  In  Marsupites  we  find  that  the 
central  apical  plate,  which  in  the  young  must  have  been  quite  smaU, 
became  relatively  enormous  in  size.  The  increase  in  size  of  the  cen- 
trale in  Uintacrimis  is  similar  in  kind,  if  not  in  degree,  to  that  shown 
by  Marsupites,  The  variation  in  size  of  the  centrale  in  Form  D  may 
readily  be  explained.  If  the  fusion  of  the  infrabasals  with  the  cen- 
trale took  place  early  in  the  life  of  the  individual,  a  smaU  plate  would 
have  been  formed  of  necessity.  This  might  or  might  not  have  in- 
creased in  size  during  the  subsequent  growth  of  the  animal,  the  size 
being  again  merely  a  matter  of  individual  variation.  If  the  infra- 
basals fused  with  the  centrale  later  in  the  life  of  the  crinoid,  as  in 
some  cases  they  certainly  did,  the  resultant  plate  would  have  been 
of  comparatively  large  size.  This  plate  might  still  be  added  to, 
makiDg  it  even  larger.  It  seems  to  me  that  the  foregoing  arguments 
explain  the  variations  in  the  size  of  the  centrale  in  Forms  M  and  D, 
and  the  occurrence  of  both  types  of  structure  in  young  and  adult 
individuals,  features  upon  wtdch  Springer  lays  particular  stress  on 
page  34  and  elsewhere. 

In  regard  to  the  possession  of  the  two  types  of  base  by  VintacrinuSj 
Springer,  on  page  25,  says:  ''It  is  not  a  case  where  the  infrabasals 
are  concealed,  or  are  more  or  less  perfectly  or  imperfectly  developed, 
or  are  used  with  some  other  element,  as  m  some  forms  which  Bather 
calls  pseudomonocyclic.  For  here  Wachsmuth  and  Springer's  law 
of  alternate  arrangement  of  the  elements  of  the  Crinoid  skeleton 
strictly  prevails."  As  I  have  previously  shown,  the  orientation  of 
the  centrale  is  of  little  or  no  importance,  being  dependent  entirely 
upon  the  character  of  the  surrounding  plates.  In  Form  D  the  cen- 
trale fits  into  the  angles  between  the  infrabasals,  and  is,  therefore, 
interradial.  In  Form  M  the  centrale  (consisting  now  of  the  original 
centrale,  to  which  the  infrabasals  have  fused)  adjusts  itself  to  the 
angles  of  the  basals,  and  is,  therefore,  radial.  Springer  also  uses 
this  argument  against  the  possiblity  of  the  fusion  of  infrabasals  and 
centrale  at  the  bottom  of  page  30.  It  is  curious  to  note  in  this  con- 
nection, that  on  page  32  m  considering  the  possibility  of  a  fused 
condition  of  centrale  and  infrabasals  he  says:  ''A  coalescence  or 
fusion  of  the  infrabasals  with  the  centrale  would  not  be  subject  to 
the  same  objection  on  the  ground  of  orientation.  The  resulting 
plate  would  be  radial,  as  it  should  be  in  a  monocyclic  form." 
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Mr.  Springer,  on  page  31,  considers  that  the  change  from  one  type 
to  the  other  might  have  taken  place  in  one  of  three  ways: 

1.  The  resorption  of  the  infrabasals  in  Form  D. 

2.  The  intercalation  of  infrabasals  in  Form  M. 

3.  The  coalescence  of  the  infrabasals  with  the  centrale. 
Although  I  do  not  believe  that  the  change  was  brought  about  by 

the  second  process,  and  can  accept  the  first  hypothesis  only  as  a 
partial  explanation,  either  is  a  passible  explanation  for  the  facts  as 
we  know  them.  Therefore  it  is  best  to  consider  the  arguments  for 
and  against  both  before  taking  up  the  discussion  of  the  third,  which, 
as  before  stated,  I  believe  to  be  essentially  the  correct  interpretation. 

The  argument  brought  against  the  first  two  hypotheses  by  Mr. 
Springer  is  that  of  the  orientation  of  the  centrale,  which  he  considers 
an  insuperable  difficulty.  As  shown  above,  the  centrale  is  dependent 
as  regards  its  form  on  the  plates  surrounding  it.  To  show  what  a 
simple  matter  it  would  be  to  change  the  orientation  of  the  centrale  by 
the  intercalation  of  infrabasals  consider  first  figure  11,  Plate  9,  a 
typical  Form  M,  with  an  unusually  large  centrale.  Here  the  centrale 
is  pentagonal  and  radial.  Now,  at  the  apices  of  this  i)entagon  sup- 
pose we  introduce  five  minute  infrabasals.  To  allow  the  introduction 
of  these  infrabasals,  however  small,  there  is  a  synchronous  resorption 
of  each  apex,  which  becomes  more  marked  with  the  increase  in  the 
size  of  the  infrabasals.  We  now  have  a  decagon,  such  as  is  beauti- 
fully shown  in.  figure  3,  Plate  9.  If  the  infrabasals  continue  to  grow 
there  wiU  be  a  corresponding  resorption  of  the  centrale  along  the  sur- 
faces in  contact  with  the  infrabasals.  It  is  obvious  that  soon  the 
infrabasals  will  meet  laterally,  and  the  inclosed  centrale  instead  of 
being  a  radial  pentagon  or  decagon  wiU  be  transformed  [into  an  inter- 
radial  pentagon,  resulting  in  a  form  like  figure  2,  Plate  9.  So  far  as 
orientation  is  concerned  this  hypothesis  is  perfectly  sound.  If  we 
reverse  the  series  outlined  above  we  can  see  how  the  form  of  the  cen- 
trale can  be  altered  from  interradial  to  radial,  if  we  wish  to  establish 
the  validity  of  the  infrabasal  resorption  theory.  Here,  starting  with 
figure  2,  Plate  9,  let  us  consider  that  the  centrale  gradually  enlarges. 
As  it  increases  in  size  there  is  a  concomitant  resorption  of  the  apical 
portions  of  the  infrabasals.  Before  long  we  reach  the  decagon  stage, 
represented  by  figure  3,  Plate  9.  If  this  process  be  continued  but  a 
short  time  longer  these  minute  remnants  of  the  infrabasals  would  dis- 
appear, their  places  being  taken  by  the  enlarged  centrale.  A  very 
slight  straightening  of  the  lines  of  contact  between  the  centrale  and 
basals  would  give  us  a  typical  Form  M,  with  a  radial  centrale.  That 
such  resorption  and  mutual  readjustment  of  plates  is  quite  possible 
will  be  shown  hereafter  at  some  length. 

As  shown  above.  Form  D  could  be  evolved  from  Form  M,  providing 
the  requisite  infrabasals  were  suppUed.    But  where  could  these  plates 
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come  from  f  There  are  but  two  possible  ways  to  accoimt  for  their 
appearance.  In  the  first  place,  the  plates  might  have  arisen  as  abso- 
lutely new  elements  in  a  true  monocyclic  crinoid.  This  theory,  as 
hereafter  explained,  I  consider  absolutely  imtenable.  In  the  second 
place,  if  UintacrintLS  were  descended  from  a  pseudomonocyclic  form 
the  infrabasals  which  in  the  ancestral  type  were  practically  obsolete, 
upon  the  assumption  of  an  eleutherozoic  existence,  might  have  begun 
to  appear  as  important  elements  of  the  cup.  It  is  obvious  that  if  we 
accept  the  theory  of  the  intercalation  of  infrabasals  we  can  not  tell  by 
which  of  these  two  processes  the  plates  were  formed. 

I  can  not,  however,  in  any  way  admit  the  possibility  of  the  infra- 
basals representing  absolutely  new  elements  in  the  cup.  In  the  first 
place,  there  is  no  logical  reason  for  their  existence.  They  add  not  at 
all  to  the  efficiency  of  the  crinoid,  and  among  the  Crinoidea  we  see 
Uttle  or  no  aimless  variation.  The  sole  possible  excuse  for  their  intro- 
duction would  be  the  enlargement  of  the  cup.  The  resultant  amount 
of  enlargement  is  palpably  insignificant  and  could  quite  as  well  have 
been  accomplished  by  the  enlargement  of  the  centrale  and  proximal 
plates,  as  in  Marsupites.  Again,  the  introduction  of  these  new  ele- 
ments would  necessarily  result  in  a  fundamental  change  in  the  nervous 
system.  The  change  troTn  a  dicycHc  to  a  monocychc  type  of  nervous 
system  I  consider  quite  within  the  range  of  possibility,  but  a  reversal 
of  the  process  offers  insuperable  difficulties.  The  essential  difference 
between  a  dicycUc  and  a  monocyclic  crinoid  can  scarcely  be  empha- 
sized too  strongly.  Certain  it  is  that  one  form  can  only  arise  from 
the  other  as  the  result  of  a  long  evolutionary  process,  and  it  is  quite 
inconceivable  that,  as  would  have  to  be  the  case  in  this  instance,  one 
type  should  be  a  mere  mutant  of  the  other. 

Against  the  possibility  of  the  enlargement  of  the  minute  infra- 
basals of  a  pseudomonocyclic  type  one  can  not  make  so  strong  a 
case.  The  uselessness  of  the  proceeding  is  perhaps  as  good  an  argu- 
ment in  this  case  as  in  the  preceding.  One  would  certainly  expect 
that  with  the  assumption  of  a  free-swimming  existence  and  the 
formation  of  a  centrale  that  the  minute  plates  would  fuse  with  the 
new  element.  This  would  only  conform  to  the  general  tendency 
to  be  observed  among  nearly  all  crinoids  toward  the  gradual  elimina- 
tion of  the  proximal  circlet  of  plates  as  distinct  elements. 

How  are  we  to  explain  such  types  of  bases  as  are  shown  in  figures 
5,  6,  7,  and  8,  Plate  9 1  Obviously  figures  6  and  6  may  represent 
individuals  in  which  three  and  four  infrabasals  have  appeared, 
respectively.  It  is  not  so  easy,  however,  to  account  for  figure  7. 
Springer  describes  this  specimen  as  having  a  double  centrale  and 
one  infrabasal.  We  are  not  told,  however,  by  what  process  two 
centrales  could  be  formed.  If  the  centrale  represents  the  rudiment 
of  the  ancestral  stem,  could  one  individual  have  been  the  fortunate 
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possessor  of  two  columns  ?  Again,  if  ^  as  I  believe,  the  centrale  merely 
represents  a  plate  to  fiU  up  a  gap — an  entirely  new  element — ^why 
should  two  plates  have  been  necessary  to  fill  up  one  small  opening  % 
A  glance  at  this  figure  will  show  clearly  that  such  an  explanation  is 
quite  out  of  the  question.  There  is  but  one  possible  explanation  of 
this  base  and  that  is  a  fusion  of  the  plates.  If  there  is  fusion  here 
we  may  expect  it  elsewhere.  Under  the  discussion  of  the  ihird 
hypothesis  I  shall  deal  with  this  coalesence  of  the  plates  in  some  detail. 
I  wish  at  present  merely  to  point  out  that  we  have  every  reason  to 
believe  that  fusion  among  the  plates  did  take  place. 

If  we  attempt  to  explain  figures  7,  6,  and  5  as  cases  where  one, 
three,  or  four  infrabasals  only  have  appeared,  the  question  involved 
is  a  far  greater  one  than  the  mere  explanation  of  the  apparent  vagaries 
of  TJiTvtacrinus  sodalis.  It  may  be  stated  almost  as  a  law  that 
each  of  the  circlets,  composed  either  of  basals  or  infrabasals,  acts  as  a 
unit  in  evolutionary  changes;  that  is  to  say,  if,  for  instance,  the 
tendency  in  evolution  is  toward  an  elimination  of  the  infrabasals, 
aU  are  equally  affected.  The  plates  finally  become  of  so  little  impor- 
tance as  to  be  practically  a  negligible  quantity,  thus  forming  a  pseudo- 
monocyclic  type.  Again,  one  or  more  of  the  plates  of  a  circlet  may 
not  drop  out,  leaving  the  remainder  to  shift  for  themselves. 
Naturally  certain  plates  of  a  circlet  may  be  modified  and  become 
larger  than  the  others,  as  is  well  shown  by  the  basals  of  Eleuthero- 
crinriSy  all  five  plates  being  represented.  This  rule,  it  seems  to  me, 
holds  absolutely  in  regard  to  the  presence  or  absence  of  plates.  If 
one  plate  of  a  circlet  be  present,  the  other  four  are  present,  except 
in  purely  abnormal  individuals.  So  here  in  Uintcbcrinua  I  do  not 
believe  it  possible  for  one,  three,  or  four  infrabasals  to  be  present 
and  the  others  absent.  Hence,  any  apparent  reduction  in  number 
must  necessarily  be  due  to  fusion.  Of  course,  one  may  claim  that 
aU  these  specimens  cited  are  abnormal,  but  as  long  as  the  structures 
observed  can  be  explained  as  the  result  of  a  perfectly  normal  process, 
and,  indeed,  are  exactly  what  we  should  expect  to  find,  it  seems  rather 
unnecessary.  As  before  stated,  I  believe  that  the  change  from 
Form  D  to  Form  M  has  been  brought  about  by  a  fusion  of  the  plates. 
At  the  same  time  more  or  less  resorption  took  place,  so  these  two 
processes  will  be  discussed  together. 

On  page  32  and  following,  Springer  raises  the  following  objections 
to  the  fusion  theory  other  than  those  already  discussed.  In  the  first 
place,  he  has  never  seen  a  specimen  in  which  the  coalescence  of  infra- 
basals and  centrale  would  result  in  the  formation  of  a  plate  having  the 
outline  of  the  centrale  actually  found  in  Form  M.  The  centrale  in 
Form  M  is  pentagonal,  whereas  the  resultant  plate  he  thinks  should 
be  stellate.  In  the  following  passage  which  I  quote  from  page  32, 
the  qualifying  phrases,  which  I  shall  here  place  in  italics,  somewhat 
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spoil  the  force  of  the  argument.  "Among  the  268  dicyclic  speci- 
mens examined  by  me  /  can  scarcdy  point  ovt  one  in  which  the  coal- 
escence of  the  infrabasals  and  centntle  would  produce  a  plate  having 
the  same  outline  as  the  centrale  has,  or  which  would  not  be  entirely 
distinct  in  shape  from  the  centrale  in  most  of  the  275  monocyclic 
specimens  in  llie  collection."  These  irregularities  in  the  shape  of 
tibe  centrale  will  be  discussed  later.  At  this  point  let  me  merely 
point  out  that  in  the  case  of  Carahocrinua  already  cited  we  have  a 
stellate  opening  to  be  filled,  but  the  centrale  which  is  formed  is 
strictly  pentagonal  and,  moreover,  interradial. 

It  is  a  notable  fact,  although  one  which  I  believe  has  never  been 
hitherto  pointed  out,  that  a  permanent  reentrant  angle  is  an  un- 
known quantity  in  a  fully  formed  crinoid  plate.  This  rule  appUes 
with  equal  force  to  a  composite  plate  resulting  from  the  complete 
fusion  of  two  or  more  primary  plates.  Indeed,  I  hold  that  this  rule 
is  equally  appUcable  to  all  Echinoderms.  The  forked  radial  of  the 
Blastoidea  will  suggest  itself  to  everyone  as  an  exception  to  the 
rule.  Even  in  this  case,  however,  the  exception  may  prove  more 
apparent  than  real. 

In  the  case  of  fusion  among  basals  and  infrabasals  in  crinoids  the 
resultant  reentrant  angle  formed  between  any  two  of  the  plates 
tends  to  fill  out  and  make  a  straight  face.  At  the  same  time  there 
is  a  gradual  resorption  of  the  lower  edge  of  the  plate  resting  in  the 
reentrant  angle.  Within  a  short  time  all  traces  of  the  reentrant 
angle  disappear  and  a  straight  face  results.  Why  this  is  so  it  is 
hard  to  say,  unless  it  be  that  a  reentrant  angle  is  a  somrce  of  weak- 
ness in  a  plate  and  is  eliminated  as  rapidly  as  pos^ble.  A  large 
number  of  examples  of  such  filling  up  of  reentrant  angles  might  be 
adduced.  An  examination  of  a  series  of  Camerata  in  which  the 
basals  tend  to  fuse  into  a  solid  plate  will  illustrate  this  condition 
admirably.  In  certain  species  where  fusion  has  not  become  effec- 
tive, or  in  young  individuals,  it  is  to  be  noted  that  certain  of  the 
radials,  and  frequently  the  proximal  anal  plate,  if  such  be  present, 
rest  in  reentrant  angles  formed  by  the  basals.  Upon  a  complete 
consoUdation  of  the  basals  a  pentagonal  or  hexagonal  plate  with 
straight  faces  is  formed.  Such  a  hexagonal  disk  as  is  shown  in  the 
genus  Megistocrinv^  is  here  figured  (PI.  9,  fig.  12),  In  other  speci- 
mens of  Megistocrinus  it  may  frequently  be  observed  that  the  anal 
rests  within  an  angle  formed  by  two  of  the  unfused  elements  of  the 
tripartite  base. 

The  regular  polygonal  shape  of  such  basal  elements  as  is  to  be 
noted  in  the  Camerata  may  only  be  accounted  for  on  the  basis  of 
fusion  and  subsequent  filling  of  reentrant  angles.  Where  before 
there  was  a  reentrant  angle  between  two  plates,  after  such  fusion 
we  find  a  straight  face.    This  change  necessarily  requires  not  only 
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a  jGIling  out  of  the  reentrant  angle^  but  a  concomitant  resorption 
of  the  proximal  portion  of  the  plate  which  rests  within  the  angle. 
If  we  take  a  monocyclic  crinoid  with  a  tripartite  base  we  do  not 
say  that  there  can  only  be  three  basals  present,  because  there  are 
no  signs  of  sutures  or  reentrant  angles,  and  we  can  only  see  three 
elements.  If  such  a  statement  can  not  be  applied  here,  wherein  are 
we  justified  in  making  the  same  assertion  in  regard  to  the  proximal 
circlet  of  Uintacrinust 

On  page  33  and  elsewhere  Springer  states  that  there  is  no  evidence 
of  fusion.  Why  does  not  his  Plate  2  show  practically  every  step 
in  such  a  process  1  On  Plate  9  will  be  found  reproduced  the  impor- 
tant stages  figured  by  him.  Figure  7  shows  clearly  that  fusion  of 
one  sort  or  other  must  have  taken  place.  It  is  evident  that  there 
is  a  single  imfused  infrabasal  and  one  plate  consisting  of  two  fused 
infrabasals.  It  is  not  necessary  at  this  point  to  determine  the 
composition  of  the  third  plate,  although  we  know  that  it  must  be 
either  the  centrale  alone  or  the  centrale  with  which  the  other  two 
infrabasals  have  fused.  The  important  fact  is  that  there  is  a  tend- 
ency toward  fusion  among  these  plates  just  as  we  found  that  there 
was  a  similar  tendency  among  the  plates  of  the  proximal  circlet  of 
other  crinoids.  If  there  be  such  a  tendency  toward  consolidation, 
is  it  not  highly  probable  that  the  plates  will  not  only  fuse  among 
themselves,  but  also  with  the  centrale)  If  so  much  be  granted,  it 
is  very  easy  to  explain  the  various  bases  figured,  which  are  other- 
wise so  puzzling. 

Figure  11  shows  the  regular  "monocyclic"  base  with  the  centrale 
of  maximum  size.  Figures  1  and  2  show  the  normal  dicycUc  base.  In 
figmre  5  we  find  that  one  infrabasal  has  fused  with  the  centrale. 
The  four  other  infrabasals  ore  present,  three  being  relatively  small, 
while  the  other  is  quite  large.  In  figure  6  we  see  that  two  of  the 
infrabasals  have  fused  with  the  centrale.  Figure  7  shows  a  modi- 
fication of  the  process.  Here  the  centrale  has  fused  with  two  of 
the  infrabasals,  the  resultant  plate  probably  being  represented  by 
the  largest  plate  of  the  three — that  on  the  upper  left-hand  side. 
In  addition,  two  of  the  infrabasals  have  fused,  forming  the  plate 
next  in  size.  A  fusion  of  the  centrale  and  two  infrabasals  and  the 
remaining  unfused  infrabasals  would  most  certainly  give  the  form 
represented  in  figure  8.  A  further  fusion  of  these  two  elements 
would  result  in  an  irregular  plate,  which  would  gradually  acquire  a 
more  symmetrical  form  by  a  process  of  accretion  in  some  parts  and 
resorption  in  other  parts,  combined  with  similar  processes  acting  on 
the  adjacent  faces  of  the  basals. 

Apparently  the  coalescence  of  the  infrabasals  and  centrale  took 
place  in  no  definite  order.  In  figure  7  two  infrabasals  fused  together, 
while  the  centrale  fused  with  two  others.    Another  variation  is  to 
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be  noted  in  figure  3.  Here  the  infrabasals  are  greatly  diminished 
in  size,  while  there  is  a  corresponding  increase  in  the  size  of  the 
centrale.  Here  there  seems  to  be  no  possibility  of  a  fusion  between 
the  members  of  the  infrabasal  circlet.  In  case  fusion  had  taken 
place  subsequent  to  this  stage  the  infrabasals  would  have  united 
directly  with  the  centrale.  In  figure  5  there  was  a  similar  reduction 
in  the  size  of  the  infrabasals  before,  or,  perhaps,  during,  the  process 
of  fusion.  The  tendency  was  toward  the  elimination  of  the  infra- 
basals as  distinct  elements,  and  whether  the  result  was  obtained  by 
the  simple  fusion  of  the  plates  concerned,  irrespective  of  the  order 
in  which  such  fusion  took  place,  or  by  the  partial  resorption  of  the 
infrabasals  and  their  subsequent  coalescence  with  the  centrale,  was 
of  Uttle  moment. 

Springer  styles  all  those  apical  plates  that  meet  interbasal  sutures 
by  more  than  one  angle,  "centrales."  Thus  in  figure  8  we  find  two 
"centrales,"  and  in  figure  7  two  centrales  and  one  infrabasal.  Such 
types  he  describes  as  having  a  double  centrale.  As  previously  stated, 
Springer  does  not  attempt  to  explain  how  two  centrales  could  by  any 
chance  have  been  produced  in  an  individual.  He  merely  states  that 
"all  these  irregular  cases  are  rare  and  exceptional,  and  constitute 
mere  individual  variations."  Two  such  plates  could  certainly  not 
represent  a  "proximal  or  distal  stem  ossicle."  If  a  gap  existed  to  be 
filled,  one  plate  would  have  been  formed — ^not  two.  The  only  other 
possible  explanation  for  a  "double  centrale"  is  that  one  of  these 
plates  is  composed  entirely  of  fused  infrabasals,  and  the  other  made 
up  of  the  primitive  centrale  to  which  one  or  more  infrabasals  have 
fused. 

Springer  calls  attention  to  the  fact  that  in  the  case  of  figure  6  the 
centrale  is  both  interradial  and  radial.  Hence  it  follows  according 
to  the  law  of  Wachsmuth  and  Springer,  which  "strictly  prevails," 
that  this  individual  is  at  one  and  the  same  time  monocycUc  and  dicy- 
clic.  This  is  obviously  impossible.  The  specimen  does,  however, 
combine  features  typical  of  forms  M  and  D  as  shown  by  Uintaerinus. 
This  same  plate  beautifully  illustrates  my  contention  that  the  shape 
of  the  centrale  is  entirely  dependent  upon  the  plates  surrounding  it. 
On  one  side  the  centrale  rests  against  three  infrabasals,  and  conforms 
to  the  angles  between  these  plates.  As  a  result,  on  that  side  it  is 
interradial.  On  the  other  side  it  has  fused  with  the  other  two  infra- 
basals,  and  after  a  process  of  mutual  adjustment  between  itself  and 
the  basals,  one  complete  and  two  incomplete  sides  of  the  pentagon  to 
be  have  been  formed,  the  inclosed  angles  conform  to  the  basals  and 
are  radial  in  position. 

Inasmuch  as  Form  M  in  UiTUacrinus  is  not  truly  monocyclic,  we 
may  well  pass  over  the  last  objection  of  Springer  on  pages  33  to  34 
in  regard  to  the  supposed  change  in  orientation  of  the  chambered 
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organ.  This  organ  would  not  necessarily  be  changed  in  any  way. 
The  loss  of  the  stem  would  doubtless  result  in  a  more  or  less  complete 
coalescence  of  the  lobes  of  the  chambered  organ,  much  as  we  find  in 
the  case  of  Actinometra  and  ArUedon.  The  mere  subsequent  fusion 
of  the  infrabasals  with  the  centrale  would  probably  in  no  wise  affect 
the  oi^an.  Certainly  there  would  be  no  occasion  for  a  transforma- 
tion of  one  form  into  the  other  involving  "in  addition  to  the  change 
in  orientation  of  the  centrale,  a  revolution  of  the  chambered  organ, 
and  an  extension  or  shortening  (as  the  case  might  be)  of  the  down- 
ward prolongation  of  the  axial  nerve-cords." 

How  important  a  part  resorption  of  the  infrabasals  has  played  in 
the  transmutation  from  one  form  into  the  other  must  always  remain  a 
moot  question.  It  is  perfectly  possible  that  the  change  might  be 
effected  by  this  process.  If  in  a  specimen  like  figure  3  the  infra- 
basals become  progressively  smaller  and  smaller  it  is  evident  that 
before  long  they  will  entirely  disappear  and  their  place  be  taken  by 
the  centrale.  A  very  slight  resorption  of  the  proximal  faces  of  the 
iofrabasals  and  a  corresponding  increase  in  the  size  of  the  centrale 
would  result  in  a  typical  centrale  of  Form  M.  It  would  certainly  be 
difficult  to  prove  in  advocating  this  theory  that  in  the  final  stages  of 
the  process  the  remnants  of  the  infrabasals  did  not  fuse  with  the  cen- 
trale.    The  question  is  apt  to  remain  an  open  one  indefinitely. 

The  fusion  observed  in  some  specimens,  as  pointed  out  above, 
between  the  infrabasals  themselves  and  the  infrabasals  and  the  cen- 
trale certainly  shows  that  there  was  a  tendency  toward  coalescence. 
If  then  we  have  a  well-marked  tendency  in  this  direction,  and  if  all 
•  the  known  facts  appear  to  warrant  rather  than  discourage  such  an 
assumption,  we  should  feel  quite  justified  in  considering  the  fusion 
theory  the  more  probable  one,  with  resorption  playing  a  minor  or 
subsidiary  part. 

On  page  35  Springer  offers  three  alternatives  to  explain  the  pres- 
ence of  Forms  M  and  D  in  the  one  species: 

1.  That  from  the  eggs  of  either  a  monocyclic  or  dicyclic  crinoid  both  forms  were 
indiscriminately  hatched. 

2.  Th&t  they  hatched  in  one  form,  with  a  tendency  in  the  larva  to  develop  into  the 
other,  which  tendency  irregularly  became  effective  in  some  individuals  and  ineffec- 
tive in  others. 

3.  That  after  the  larval  stage,  by  some  process  of  addition,  subtraction,  or  consoli- 
dation amoiig  the  hard  parts  of  the  test,  a  dicyclic  crinoid  was  transformed  into  a 
monocyclic  or  vice  versa. 

From  the  discussion  given  above  we  may  offer  here  an  explanation 
compounded  in  part  from  the  second  and  third  alternatives  of 
Springer. 

The  larv»  were  certainly  dicyclic  and  became  free-swimming  at 
an  early  age.    When  a  crinoid  became  detached  from  its  stalk,  a 
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calcareous  plug  was  formed  to  fill  up  the  opening  through  which  the 
axial  canal  had  formerly  passed.  The  tendency  in  the  development 
of  the  animal^  so  far  as  the  base  is  concerned,  was  now  toward  an 
elimination  of  the  infrabasal  circlet  as  composed  of  distinct  elements. 
This  took  place  probably  as  a  result  of  the  consolidation  of  this 
newly  formed  centrale  with  the  surroimding  infrabasals.  The  con- 
solidation '^  irregularly  became  effective  in  some  individuals  and 
ineffective  in  others/'  dependent,  as  explained  above,  upon  the  fact 
that  some  individuals  were  more  accelerated  in  development  than 
others.  This  consolidation  of  the  proximal  circlet  is  a  tendency  to 
be  observed  among  all  crinoids,  and  especially  is  it  to  be  noted  in 
free-swimming  types  such  as,  for  instance,  Aga^sizocrinus  and  some 
species  of  Edriocrinus.  In  such  recent  forms  as  ArUedon  and  Acti- 
nometra  the  infrabasals  are  practically  obsolete  and  fuse  veiy  early 
with  the  proximale.  Even  the  basals,  which  to  all  intents  and  pur- 
poses have  now  become  the  proximal  circlet,  are  affected  by  the 
same  tendency,  fusing  to  form  the  so-called  ''rosette."  It  might 
well  be  that  if  given  sufficient  time  the  basals  of  UintcicriTvus  woidd 
in  turn  be  reduced  and  fused  with  the  centrale.  Indeed  figure  9 
seems  to  show  that  such  a  process  had  already  begun.  Here  thd 
presence  of  apparently  four  basals  suggests  the  fusion  of  two  of  the 
plates,  although  it  is  obvious  that  this  condition  of  the  plates  may 
be  purely  abnormal. 

It  is  evident  that  Bather's  arguments  in  favor  of  his  classification 
have  yet  to  be  refuted.  Whether  the  change  from  Form  D  to  Form  M 
or  vice  versa  took  place  by  the  intercalation  of  infrabasals  on  the  one 
hand  or  their  elimination  on  the  other  is  of  little  moment  so  far  as 
this  particular  question  is  concerned.  If  there  has  been  an  elimi- 
nation of  the  infrabasals  by  fusion  or  resorption,  the  resultant  form 
still  remains  a  dicyclic  crinoid,  or  at  most  may  be  styled  a  ''pseudo- 
monocycUc"  form.  In  case  the  infrabasals  have  made  their  appear- 
ance in  Form  M  it  will  be  impossible  to  prove  that  they  do  not  rep- 
resent the  nearly  obsolete  plates  of  an  ancestral  pseudomonocycUc 
crinoid.  In  this  case  the  plates  that  had  come  to  assume  an  insig- 
nificant part  in  the  makeup  of  the  crinoid  were  brought  back  to  a 
state  of  comparative  pronunence  imder  the  stimulus  of  changed 
conditions  of  life.  Against  this  hypothesis  it  may  be  argued  that  in 
typical  Form  M  absolutely  no  trace  of  infrabasals  may  be  seen.  This 
objection  carries  little  weight,  however,  as  the  infrabasals  in  the 
ancestral  form  may  well  have  been  present  only  in  the  larval  stage 
and  have  become  quite  obsolete  in  the  adults.  Whatever  the  process, 
then,  all  one  has  is  a  change  either  from  pseudomonocyclic  to  dicyclic, 
or  from  dicyclic  to  apparently  monocyclic  or  pseudomonocyclic  types. 

Probable  derivation  of  TJintacrinua. — ^Among  all  known  crinoids 
TJintacrinus  possibly  stands  as  the  form  best  adapted  to  meet  the 
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requirements  of  an  eleatherozoic  existence.  As  a  restdt  of  this  high 
degree  of  specialization  it  is  difficult;  if  not  impossible,  to  pick  out 
any  specific  structure  and  use  it  as  the  basis  of  comparison  with  any 
special  group  of  crinoids  in  the  hope  of  proving  genetic  relationship. 
The  structure  of  the  tegmen;  the  exocyclic  mouth;  the  thinness  of 
the  plates  of  the  cup;  the  large  visceral  cavity,  made  possible  by  the 
fixation  of  pinnules  and  introduction  of  interbrachials;  the  length  of 
the  arms;  the  presence  of  syiygies;  all  these  are  modifications  for 
which  a  free-swimming  existence  is  directly  responsible.  In  order  then 
to  arrive  at  any  sort  of  a  satisfactory  conclusion  in  regard  to  the  rela- 
tionships of  Virdacrinua  we  must  consider  the  form  stripped  of  its 
special  modifications.  To  be  sure,  with  these  gone  we  have  little 
left,  but  even  that  fact  is  of  considerable  importance. 

The  exocyclic  tegmen  illustrates,  I  believe^  an  accentuated  bilateral 
symmetry  induced  by  a  pelagic  existence.  The  marked  regu- 
larity in  the  swinmiing  movements  of  eleutherozoic  types  such 
as  to  be  noted  in  living  C!omatul«,  unquestionably  tends  to  bring 
about  a  bilateral  symmetry  on  the  part  of  the  organisms.*  Among 
other  Echinoderms,  notably  the  Eleutherozoa,  the  acquisition  of  a 
secondary  bilateral  symmetry  is  too  well  known  to  warrant  extended 
conmient.  Nor  can  the  flexible  t^men  be  taken  as  positive  evi- 
dence of  relationship  with  any  special  group.  This,  too,  is  simply  an 
expression  of  a  free-swimming  existence — a  pliant  disk  making  for 
greater  mobility  and  consequent  arm  freedom.  The  arms  themselves 
again  exhibit  great  specialization,  but  there  is  nothing  in  their  struc- 
ture which  might  not  be  independently  acquired.  The  fixation  of 
pinnules,  although  characteristic  particularly  of  the  Camerata, 
nevertheless  need  not  be  restricted  to  that  group-  In  Calarnocrinua 
and  AcHnometra,  for  instance,  we  find  a  partial  incorporation  of  the 
arms  and  pinnulae  into  the  calyx,  and  also  in  Dadoerinua,  as  pointed 
out  by  Bather.  In  Uintaerinua  such  incorporation  was  the  logical 
thing.  The  interbrachial  system  does  not,  I  think,  show  marked 
aflSnities  with  any  group.  Its  great  irregularity,  if  anything,  rather 
argues  against  a  close  relationship  with  the  Camerata. 

1  Mr.  A.  H.  Clark  has  proposed  an  tnterestizig  hypothesis  to  explain  the  exocyclic  disk  of  the  Gomatulss. 
.Aooordlng  to  him,  this  type  of  tegmen  is  evolved  as  the  result  of  the  feeding  habits  of  the  crinoids.  Mr. 
Clark  lays  tbat  those  forms  with  exocyclic  disks  oonstaatly  keep  their  digestive  apparatus  filled  with 
bottom  mud,  from  which  they  extract  the  nutritive  material.  Such  feeding  habits  necessitate  the  pos- 
session of  an  nmwnally  long  gat,  as  one  finds  in  animals  which  feed  in  this  manner.  When  one  considera 
the  limited  ciqMcity  of  the  body  cavity  it  is  obvious  that  such  an  increase  in  the  length  of  the  gut  must 
result  in  a  colling  of  that  organ.  Concomitant  with  such  coiling  Mr.  Clark  maJTi  tains  that  the  orientation 
of  the  disk  changes.  Such  an  explanation  is  equally  applicable  to  UiTitaerinuSf  Mr.  Clark  holds,  though 
here  it  Is  not  bottom  mud  but  surfboe  plants  as  a  food  supply  to  which  the  anhnal  must  adapt  itself.  This 
explanatk>n  seems  a  possible  one  in  the  case  of  AcUnometra  at  least,  and  is  an  alternative  explanation 
constantly  to  be  borne  in  mind. 

The  feeding  habits  and  food  of  endooydlc  and  exocycUc^orms  should  be  noted  with  care.  In  the  case 
of  a  number  of  Aetlnometra  japonka  the  included  food  of  which  I  have  examined,  I  fotmd  no  evidence 
of  bottom  sediment.   The  intestine  content  was  composed  almost  wholly  of  comminuted  animal  matter. 
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Springer  seems  to  favor  descent  from  the  Flexibilia.  On  page  58 
he  records  the  tendency  among  certain  Flexibilia  to  separate  from 
the  stem  just  below  the  proximale.  If  the  proximale  be  true  to  its 
definition  it  will  always  remain,  fusing  with  the  proximal  elements 
of  the  cup.  In  Uintacrinxia,  as  shown  above,  this  condition  can  not 
obtain.  As  long  then  as  only  those  forms  having  a  persistent  proxi- 
male are  to  be  referred  to  the  Flexibilia,  so  long  must  Vintacrinus 
seek  relationship  elsewhere.  The  Camerata  as  the  ancestral  stock, 
as  suggested  by  Jaekel,  is  a  proposition  scarcely  to  be  considered 
seriously.  By  a  process  of  elimination,  then,  we  have  narrowed  the 
field  down  to  the  Inadunata,  in  this  agreeing  with  Bather.  To 
attempt  to  fix  the  line  of  descent  any  more  definitely  is,  I  think,  at 
the  present  state  of  our  knowledge,  somewhat  premature. 

The  stalked  Inadunata  ancestor  should,  I  think,  unlike  Dadocrinua 
chosen  by  Bather,  be  a  distinctly  dicyclic  form,  not  pseudomonocyclic. 
The  apparent  elimination  of  the  infrabasals  in  some  specimens  of 
Uintacrinus  is  a  feature  acquired  very  late  in  the  evolution  of  the 
genus.  In  this  connection  the  possibility  of  the  infrabasals  of  a 
pseudomonocyclic  form  regaining  Iheir  former  importance  as  ele- 
ments of  the  dorsal  cup,  upon  the  loss  of  the  stem,  is  a  consideration 
not  to  be  lost  sight  of,  as  pointed  out  above.  In  such  a  case,  how- 
ever, it  is  very  difficult  to  see  why  the  tendency  shown  by  VirUacrinus 
sodcUis  toward  a  coalescence  of  centrale  and  infrabasals,  which  is 
merely  an  expression  of  the  general  trend  of  all  crinoids  toward  a 
more  or  less  complete  elimination  of  the  plates  of  the  proximal  circlet 
as  distinct  elements,  should  show  itself  so  late  in  the  developmental 
series.  One  would  think  that  in  their  almost  completely  atrophied 
condition  in  the  pseudomonocyclic  form,  the  infrabasals  would  at 
once  fuse  with  the  new  element,  the  centrale,  rather  than  remain  as 
minute  independent  plates.  Whatever  be  the  genetic  line  that 
evolved  VirUacrinus  it  is  probable  that  we  shall  ultimately  come  to 
a  type  that  will  serve  as  a  conunon  ancestor  for  both  Dadocrinus  and 
Uintacrinus.  This  type  again  may  serve  equally  well  for  many  of 
the  phyletic  lines  that  flourish  in  Mesozoic  and  later  times. 

Springer  (1901,  p.  55)  objects  strongly  to  the  placing  of  Uintacrinus 
in  tiie  Inadunata.  In  speaking  of  the  relationship  of  Uintacrinus  to 
Dadocrinus  he  says:  *'In.the  essentials  of  structure  upon  which  the 
great  groups  of  Camerata,  Inadunata,  and  Flexibilia  have  been  dis- 
tinguished, Uintacrinus  seems  to  me  far  more  widely  separated  from 
this  group  than  from  the  othera."  In  regard  to  its  positive  rela- 
tionships he  says:  "It  must  be  evident  that  the  line  of  derivation  of 
Uintacrinus  will  have  to  be  considered  in  connection  with  the  Coma- 
tulsB.  Whatever  its  ancestry  may  have  been,  it  is  quite  plain  that  one 
of  its  near  relatives  was  ActinometraJ^  It  is  mainly  on  the  evidence 
of  similarity  of  structiu^  as  induced  by  the  mutual  possession  of 
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exocylic  disks  that  this  close  alliance  with  Actinarnetra  is  predicated. 
These  features  as  elsewhere  noted  I  believe  to  be  purely  secondary 
and  induced  by  an  eleutherozoic  mode  of  life.  Actinarnetra  and 
UinUicrinus  I  do  not  believe  we  may  safely  hold  to  be  more  closely 
related  than  as  having  descended  from  a  common  -pre-Dadocrinus 
ancestor. 

A.  H.  Clark  (1909  b.)  in  placing  UinUicrinus  systematically,  groups 
the  Uintacrinidse  and  MarsupitidsB  together  under  the  ''Comatulida 
Innatantes.''    His  definition  follows: 

Gomatiilida  InnatanteB:  Pelagic  comatulida  in  which  the  basals  are  not  metamor- 
phosed but  form  an  integral  part  of  the  body  wall;  the  infrabaaals  are  not  united  with 
the  central  plate,  but  usually  form  part  of  the  body  wall;  occasionally,  through  indi- 
vidual variation,  they  are  absent;  there  is  no  evidence  of  attachment  at  any  stage, 
80  that  their  central  apical  plate  may  poesibly  represent  the  dorso-central  instead  of 
the  centro-dorsal  of  other  comatulids.  The  plates  of  the  calyx,  which  is  very  large  and 
more  or  less  globular,  are  very  thin. 

Included  families:  Marsupitidse;  Uintacrinidse. 

This  treatment  is  but  slightly  better  than  the  time-honored  and 
discarded  custom  of  placing  the  two  genera  into  one  family.  It  is  to 
be  noted  that  he  follows  Springer  in  placing  Uintacrinus  with  the 
Comatulse.  Springer,  however,  while  placing  Uintacrinus  among 
the  ComatulsB,  and  consequently  in  his  opinion,  in  the  Flexibilia, 
retains  Marsupites  as  a  well-defined  Inadunate. 

Ecology  of  Uintacrinus, — ^There  can  be  little  doubt  but  that  Uinia- 
crinus  was  a  pelagic  type.  Its  extreme  modifications  to  adapt  it  for 
such  an  existence,  and  above  all  its  lack  of  prehensile  cirri  or  other 
organs  by  means  of  which  it  could  attach  itself  to  extraneous  objects, 
coupled  with  the  extreme  length  and  flexibility  of  its  arms,  are 
almost  conclusive  proof  that  such  is  the  case.  Such  forms  as 
Agassizocrinus  and  the  free  Edriocrinus  which  likewise  lacked  cirri, 
but  which  were  decidedly  not  fitted  for  a  pelagic  existence,  probably 
rested  on  the  bottom  on  their  comparatively  short  arms.  Indeed,  it 
is  probable,  as  is  shown  elsewhere,  that  these  forms  crawled  about  a 
good  share  of  the  time,  rather  than  swam  about  freely. 

It  is  a  debatable  question  whether  Uintacrinus  was  as  gregarious 
in  its  habits  as  has  generally  been  conceded  hitherto.  At  the  present 
day,  it  is  true,  Antedon  swims  about  in  schools,  and  Actinometra 
seems  to  be  equally  gregarious  so  far  as  observations  have  been  made. 
In  the  past,  Aga^sizocrinus  seems  to  have  lived  together  in  great 
numbers,  and  the  same  was  true  of  Saccocoma.  These  forms,  how- 
ever, I'  do  not  consider  essentially  pelagic  as  I  do  Marsupites  and 
Uintacrinus.  In  European  deposits  UirUa^mnus  has  been  found  as 
isolated  specimens  only.  It  is  when  we  come  to  the  Niobrara  of 
KitiiflftA  that  we  have  to  deal  with  the  curious  ''colonies"  of  Uintor 
crimis.  Springer  believes,  as  do  all  other  writers  on  the  subject,  that 
Uintacrinus  was  gregarious  in  habit.    He  says  on  page  11,  ''These 
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crinoids  were  in  detached  masses^  clinging  together  and  floating  in  the 
open  sea,  entirely  separate  from  other  objects.  They  were  actually 
swarming,  very  much  like  a  swarm  of  bees  when  they  leave  the  hive 
and  settle  upon  sonie  object — some  on  the  outside  and  some  buried 
underneath  their  fellows — all  in  the  utmost  confusion. 

A.  H.  Clark  (1909a,  p.  129)  devotes  some  attention  to  the  ecology 
of  ViiiUicrinus,  although  he  suggests  nothing  essentially  new.  In 
one  paragraph  he  arraigns  authors  as  not  having  the ''  courage  of  their 
convictions"  in  considering  Vintacrinus  as  a  pelagic  type,  as  shown 
by  their  figuring  specimens  with  the  mouth  up.  I  think  it  has  been 
generally  conceded  that  Uintacriivas  floated  with  the  arms  dependent. 
Indeed  this  is  so  obvious  that  no  one  has  taken  the  trouble  to  point 
it  out  hitherto.  The  figuring  of  Uintacrinus  mouth  up  is  not  such  an 
evidence  of  weak  faith  as  it  seems  to  Clark,  after  aJl.  This  is  the 
conventional  manner  of  illustratiug  crinoids,  and  is  followed  out 
even  in  the  case  of  the  Calceocrinidse  by  Bather  (1893).  A  plate 
of  Uintacriivus  figures  with  the  apical  portions  up  would  have  to 
be  reversed  by  the  average  mortal  before  becoming  intelligible. 
Clark  likewise  gives  some  interesting  views  relative  to  the  feeding 
habits  of  Uintacrinus.    He  considers  that — 

the  closer  the  individuals  lived)  the  more  advantageous  it  would  be  for  them;  for 
their  food  probably  consisted  of  minute  pelagic  organisms  virhich  they  intercepted 
vnth  their  long  feathery  arms;  these  organisms  are  largely  lucifugous,  and  would 
tend  to  collect  under  the  shadow  of  a  mass  of  crinoids  as  they  are  known  to  do  under 
floating  logs  and  driftwood  which,  thereby,  would  be  placed  in  the  economically 
advant^eous  attitude  of  attracting  to  itself  without  effort  its  ovm  food  supply.  The 
perisome  of  Uintacrinus  is  black,  of  such  a  dense  carbonaceous  black  that  it  haa  been 
'  preserved  without  change  through  the  ages  which  have  elapsed  since  cretaceous  times; 
and,  if  one  of  these  small  lucifugous  organisms  took  refuge  under  the  shadow  of  a 
mass  of  Uintacrinus,  it  would  be  quite  likely  to  be  attracted  to  the  blackest  portion 
of  the  animals,  the  disk  or  ambulacra,  whereupon  it  would  soon  find  its  way  (or 
rather  be  conducted)  to  the  mouth. 

Just  why  the  disk  is  held  to  be  black  in  the  case  of  the  living  crinoids 
it  is  difficult  to  say.  As  described  by  Springer  (1901)  the  tegmen  is 
black,  as  carbonized  animal  tissues  are  apt  to  be.  It  has  not  hitherto 
been  held  as  remarkable  that  carbonized  matter  shoidd  retain  its 
blackness.  Furthermore,  the  advantage  of  having  the  food  attracted 
to  the  disk  is  not  immediately  obvious.  The  hundreds  of  pinnules 
borne  on  the  arms  are  supposed  to  function  as  food-gathering  organs, 
and  they  would  not  be  specially  benefited  by  a  black  spot  an  inch 
or  so  in  diameter,  several  feet  away. 

It  is  inconceivable  that  the  animals  could  have  Uved  under  such 
crowded  conditions  as  has  been  predicated  by  the  authors  just  quoted. 
For  what  purpose  were  the  extremely  long  arms  and  other  very 
special  modifications  other  than  that  the  animal  might  have  the 
utmost  freedom  of  movement  ?  Again,  how  could  any  but  a  favored 
few,  and  even  those  in  but  a  very  insufficient  way,  obtain  nourishment  ? 
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It  is  probable  indeed  that  this  ''swarming"  was  the  actual  cause  of 
the  death  of  the  crinoids,  as  has  been  suggested  as  a  possibiUty  by- 
Springer.  Setting  aside  the  theory  that  the  crinoids  lived  in  more  or 
less  agglomerated  masses  it  seems  scarcely  possible  that  they  could 
have  lived  in  freely  swimming  schools,  as  do  the  living  ComatulsB. 
Arguing  against  the  Uving  of  any  considerable  number  of  Uintacrinus 
in  juxtaposition,  one  needs  but  to  consider  their  great  size.  An 
adult  fully  expanded  would  cover  an  area  of  30  or  more  square  feet. 
Allowing  for  a  reasonable  amount  of  clear  water  on  all  sides,  say 
a  couple  of  feet,  we  would  have  the  individual's  space  requirements 
greatly  increased.  Under  these  conditions  it  seems  as  if  it  would 
prove  inexpedient  for  any  considerable  number  of  individuals  to 
travel  together. 

There  seems  but  one  plausible  explanation  to  account  for  the 
"swarming"  of  Uintacrinus  and  that  has  been  put  forward  by 
Springer.  He  says:  "It  is  possible  that  this  may  have  happened 
during  periods  of  sexual  activity."  We  can  easily  conceive,  under 
such  conditions,  of  large  numbers  of  TJiniacrinus  gathering  together 
i^i  favorable  localities,  such  as  bays  or  lagoons.  Here  possibly 
through  the  crowding  of  females  about  the  males  *  a  large  number  of 
individuals  might  become  inextricably  tangled  together.  Under 
such  circumstances  the  individuals  constituting  the  core  of  the  mass 
must  inevitably  die  of  suffocation  and  starvation,  though  probably 
the  former  course  may  be  held  as  the  more  efficient  inasmuch  as  the 
whole  incident  could  have  occupied  but  a  short  time.  Some  of  the 
individuals  on  tha  outer  surface  of  the  mass  might  be  able  to  clear 
themselves  by  a  breaking  off  of  their  arms,  but  the  majority  would 
be  killed.  Subsequent  to  the  death  of  the  animals  the  mass  would 
sink  to  the  bottom,  and  there  form  such  lenses  as  we  find  to-day.  On 
this  hypothesis  one  may  understand  the  absence  of  isolated  specimens 
in  this  region.  The  crinoids  came  into  the  shallow  waters  during 
periods  of  sexual  activity  and  afterwards  returned  to  their  normal 
habitat,  perhaps  far  out  in  the  open  sea,  leaving  behind  only  an 
occasional  mass  of  their  unfortunate  fellows. 

A  glance  at  a  paleogeographic  map  of  the  Niobrara  sea  gives  con- 
siderable support  to  the  forgoing  conclusions.  The  ancient  Gulf  of 
Mexico  occupied  in  a  general  way  the  area  it  now  covers,  although  it 
was  considerably  greater  in  extent.  Passing  northward  uito  Kansas, 
however,  was  a  great  embayment.  In  the  Gulf  itself  there  was  prob- 
ably a  strong  Gulf  stream  much  as  at  the  present  time.  Out  hi  this 
current,  and  probably  farther  out  at  sea  also,  the  Vintacrinus  spent 
the  greater  part  of  the  year.    In  the  breeding  season  they  entered  the 

>  The  ptepandennoe  of  females  oyer  males  seems  to  be  quite  marked  la  recent  forms.  Among  nearly 
thirtj  specimens  of  Aettnometra  Japoniea  collected  at  a  sinsie  loealfty  at  one  time,  there  were  no  males. 
The  females  in  all  oases  bore  large  mimben  of  neaily  ripe  OTtt.  At  ttie  same  locality  ^nltddiiiiMMrodtoew 
Ukewisa  showed  a  very  marked  preponderance  of  females  over  males. 
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comparatively  quiet  waters  of  the  bays  in  great  numbers,  and  here,  as 
before  described,  many  lost  their  lives.  The  original  locahty  where 
mntacrirms  was  found,  in  the  Uinta  Mountains  of  northern  Utah, 
represents  another  great  bay.  In  both  cases  it  is  interesting  to  note 
that  the  crinoids  are  found  in  the  innermost  portions  of  the  embay- 
ments  where  one  would  scarcely  expect  to  find  the  conditions  for 
which  Uintacrinus  is  so  obviously  fitted.  That  the  water  was  very 
shallow  in  which  the  beds  containing  Uintacrinus  were  deposited  is 
generally  conceded. 

Another  possible  explanation  of  the  formation  of  these  masses  is  a 
variant  of  the  foregoing.  It  may  be  when  gat|;Lered  in  these  embay- 
ments  in  the  breeding  season,  that  the  crinoids  were  thrown  together 
as  a  result  of  wind  activity.  They  may  even  have  been  driven  into 
the  shallows  and  there  been  massed  and  stranded.  The  agitated 
chalk  sediment  of  the  bottom  would  quickly  cover  and  serve  to  pre- 
serve the  crinoids.  Of  the  two  explanations  the  former  seems  the 
more  reasonable,  inasmuch  as  the  crinoids  are  as  a  rule  most  beauti- 
fully preserved  and  do  not  show  the  effects  of  violent  disturbance. 

The  whole  structure  of  Uintacrinus  as  noted  above  aigues  against 
a  httoral  habitat.  The  crinoid  is  evidently  adapted  only  for  life  on 
the  high  seas,  for  elsewhere  storms  might  well  work  havoc  with  the 
enormous  but  delicately  constructed  organism.  The  widespread 
occurrence  of  the  genus  again  ai^es  against  a  continuous  shallow- 
water  life.  Living  largely  in  the  Gulf  Stream,  as  they  probably  did, 
some  followed  the  current  and  found  a  final  resting  place  in  the 
European  Chalk.  It  seems  possible  that  the  type  evolved  in  Ameri- 
can waters,  and  here  Uintacrinus  chiefly  flourished,  a  few  straggling 
forms  only  making  their  way  to  the  European  seas.  It  is  possible, 
of  course,  that  in  Europe  the  scarcity  of  the  oiganism  is  due  to  the  fact 
that  as  yet  no  breeding  locality  has  been  found,  and  that  some  day 
masses  of  UiiUacrinus  similar  to  those  foimd  in  America  will  be  dis- 
covered in  those  regions. 

A.  H.  Clark  (1909a)  gives  quite  a  different  version  of  the  breeding 
habits  of  Uintacrinus  than  that  here  suggested.  According  to  him  the 
eggs  were  laid  and  fertilized  while  the  animals  were  moving  about  in 
the  open  sea.  His  idea  can  best  perhaps  be  expressed  in  his  own 
words: 

Now  a  floatmg  colony  of  UxrUaerinija  during  a  breeding  period  would  be  drifted  about, 
aa  at  other  times,  by  the  surface  currents,  the  waves,  and  the  wind,  just  as  the  medusae 
are;  and,  consequently,  their  embryos  would  fall  over  a  laige  extent  of  territory.  By 
the  time  the  larvae  from  such  embryos  as  happened  to  fall  upon  suitable  bottom  had 
begun  to  grow,  the  parent  colony  would  have  drifted  to  a  very  considerable  distance, 
unless,  of  course,  the  species  was  an  inhabitant  of  inclosed  bays,  which,  however,  tak- 
ing into  account  its  enormous  range,  is  quite  unlikely;  by  the  time  the  young  were 
ready  to  discard  their  stems  and  swim  away,  forming  a  swarm  of  their  own,  the  parent 
colony  would  be  in  some  remote  part  of  the  sea.    Ab  the  position  of  the  parent  colony 
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over  any  given  area  of  sea  bottom  would  not  be  of  long  duration,  the  young  from  the 
embryos  which  happened  to  fall  at  any  given  place  would  natiually  be  all  of  approxi- 
mately the  same  age,  and  hence  of  the  same  size. 

This  casual  peppering  of  eggs  seems  opposed  to  all  that  we  know 
of  the  habits  of  the  Ciinoidea,  and  would  furthermore  be  highly 
detrimental  to  the  best  interests  of  the  organisms.  In  the  first  place, 
fertilization  would  by  no  means  be  assured,  and,  in  the  second  place, 
the  chances  are  that  the  majority  of  the  ^gs  would  fall  in  an  unfav- 
orable enviroimient. 

Such  an  hypothesis  fails  to  explain  the  colonies  of  yoimg  indi- 
viduals as  it  is  supposed  to  do.  Were  the  adult  colony  to  stop  at  a 
given  spot  and  discharge  a  laige  number  of  eggs,  and  subsequently 
were  the  eggs  to  develop  and  furnish  yoimg  that  acquired  freedom 
at  the  same  time  and  were  imbued  with  the  colonial  habit,  one  might 
perhaps  concede  that  this  explanation  explains  the  conditions  as  we 
find  them.    There  are  too  many  diflBiculties  in  the  way,  however. 

On  the  other  hand,  the  swarming  of  the  crinoids  in  the  breeding 
season  certainly  forms  a  plausible  solution  of  the  problem.  One 
would  expect  crinoids  of  the  same  age  to  interbreed,  and  so  we 
should  expect  to  find  any  given  colony  composed  of  individuals  of 
approximately  the  same  size.  There  should  be  at  least  two  or  three 
diLstinct  grades.  The  first  would  consist  of  year-old  animals  perhaps. 
The  next  year  the  crinoids  might  be  of  sufficient  size  to  herd  with 
the  adults,  although  there  may  be  a  second-year  group  as  well.  A 
comparison  of  the  size  of  individuals  in  different  colonies  might  be 
used  as  an  approximate  index  of  the  rate  of  growth  of  the  animals. 

As  to  the  life  history  of  Vintacrinus  one  can  not  be  certain.  It  is 
probable  that  the  eggs  were  laid  in  shallow,  comparatively  current- 
free  water.  Here  they  hatched  and  the  larvse  become  attached  to 
the  bottom.  There  seems  no  question  but  that  a  stalked  stage  was 
had,  although,  as  wUl  be  noted  below,  exception  has  been  taken  to 
this  view.  Upon  becoming  detached  from  its  column  the  young 
UirUacrirms  probably  remained  in  the  shallow  water  of  the  embay- 
ment.  It  is  probable  that  the  first  year  at  least  was  passed  here,  the 
animal  not  having  sufficient  swimming  powers  to  reach  the  open  sea. 
Such  embayments  could  have  but  feeble  currents,  and  the  animals, 
in  order  to  get  from  place  to  place,  must  have  had  to  rely  to  a  con- 
siderable extent  on  their  own  activity. 

Gark,  in  the  passage  quoted  above,  speaks  of  the  young  UintOr- 
crinus  as  discarding  their  stems.  In  a  paper  published  at  approxi- 
mately the  same  time  as  the  one  quoted  he  has  this  to  say:  ''The 
crinoids  are  the  only  recent  fixed  echinoderms;  but  in  the  fossil 
crinoids,  as  Lang  pointed  out  in  Marsupites,  and  I  independently 
showed  in  Uintacrinus,  there  are  forms  which  exhibit  no  evidence  of 
having  been  attached;  in  fact  the  evidence  is  quite  the  other  way. 
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In  these  forms  the  centrale  may  be  instead  of  centro-dorsal  really  the 
dorso-central,  in  which  case  we  should  get  an  interesting  homology 
with  the  echinoids." 

Which  paper  has  the  precedence  it  is  hard  to  say.  It  is  quite  evi- 
dent; however,  that  in  two  papers,  perhaps  in  press  at  the  same 
moment,  he  reverses  himself  without  in  either  case  referring  to  the 
other  paper.* 

It  is  somewhat  mystifying  when  and  how  Clark  "independently 
showed"  that  Vmtacrinus  had  never  been  attached.  That  TJirUor' 
crirms  has  no  column,  so  far  as  known,  has  been  established  by  the 
researches  of  Bather  and  Springer.  The  only  way  for  Clark  to  prove 
the  absence  of  a  colunm,  or  its  presence  for  that  matter,  is  to  trace 
the  development  of  the  form  back  until  a  stem  is  found,  or  back  so 
far  in  the  ontogeny  of  the  animal  that  there  is  no  chance  of  a  column 
having  been  present.  We  shall  await  this  proof  with  considerable 
interest. 

The  other  two  genera  referable  to  Type  11  are  of  considerable  inter- 
est, but  they  are  so  well  known  that  any  extended  discussion  of  their 
structural  features  is  scarcely  warranted.  There  are,  however,  cer- 
tain interesting  structural  deviations  from  those  to  be  noted  in  the 
case  of  Uintacrinnis.  These  deviations  form  an  uiteresting  example 
of  adaptation  to  the  same  type  of  existence  by  crinoids  belonging  to 
fairly  xmrelated  genetic  lines.  Any  conclusions  to  ^diich  we  may 
come  relative  to  the  derivation  of  these  two  genera  are  even  more 
nebulous  than  in  the  case  of  Uintacrinus. 

Marsupites. — In  its  adaptation  to  a  freenswimming  existence  Mar^ 
8upite€  (PL  10,  fig.  4)  differs  from  Uintcurinus  in  many  important 
regards.  The  arms  are  comparatively  short  and  bifurcate  many 
times.  The  dorsal  cup  is  large,  but  its  size  is  due  simply  to  the  great 
size  of  the  three  circlets  of  plates  and  of  the  centrale.  There  are  no 
interbrachials,  and  there  is  no  incorporation  of  the  proximal  pinnules 
in  the  cup.  The  tegmen  is  composed  of  rather  heavy  plates, 
indicating  the  comparatively  recent  acquisition  of  a  free-swinuning 
existence. 

In  regard  to  this  form  Bell  (1891,  p.  210,  footnote)  has  written: 
"I  suppose  no  morphologist  will  be  bold  enough  to  say  whether 
Marsupites  or  the  irregular  Blastoids  are  primarily  or  secondarily 
free  forms."  This  seems  to  be  the  stand  taken  by  A.  H.  Clark,  at 
least  in  regard  to  Marsupites,  as  elsewhere  quoted.  It  seems  to  me, 
rather,  that  it  would  be  a  bold  morphologist  indeed  who  has  the  courage 
to  claim  a  primaiy  free  condition  for  these  forms.  Freedom  is  too 
easily  secured,  and  symmetry  is  far  too  difficult  to  acquire  to  warrant 
such  statements. 

>  Since  writing  the  above  I  bave  been  informed  by  Mr.  Clark  Terbally  ibat  be  beUeves  UhUaeristtumBm 
to  have  been  attached  by  a  oolmnn. 
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Siiecocoma. — Saccocoma  (PL  10,  figs.  1-3)  is  chiefly  interesting 
because  of  its  high  degree  of  specialization.  This  form  has  well  been 
described  by  Jaekel  (1893).  In  this  form  the  centrale  is  minute  and 
may  consist  either  of  a  new  element  to  which  the  basals  have  been 
fused,  or  it  may  consist  simply  of  the  fused  basals.  The  minute  size 
of  this  plate  compared  with  the  size  of  the  cup  is  surprising,  inasmuch 
as  in  Maraupites,  the  other  form  the  cup  of  which  consists  of  but  few 
plates,  the  centrale  has  been  so  considerably  enlarged.  The  arms  of 
Saccocoma  are  of  great  interest.  Reference  to  the  figure  will  show 
most  unusual  modifications.  The  arms  are  comparatively  long  and 
slender  and  in  their  distal  portions  are  considerably  branched.  In 
their  proximal  portions  the  most  noticeable  feature  is  the  lateral 
flange-hke  extensions  of  the  arm  ossicles.  These  are  obviously 
adapted  for  use  in  swimming.  The  comb-Uke  processes  of  the  more 
distal  ossicles  probably  represent  modifications  for  a  similar  function. 
This  small  form,  as  has  been  held  by  Jaekel,  probably  swam  about  in 
enormous  numbers  in  quiet  lagoons.  It  is  quite  probable  that  as 
opposed  to  UiTUacrinus  this  genus  Uved  in  schools  as  do  theOomatulee. 

AhnormaUy  free  types — Gardbocrinus. — Having  discussed  the  mem- 
bers of  Type  II,  mention  should  be  made  of  those  forms  which  sub- 
sequent to  a  complete  loss  of  the  column,  evolve  similar  structures 
to  those  had  by  the  three  genera  above  described.  This  detachment 
from  the  column  is  unquestionably  accidental  in  Carahocrinus,  while 
in  ATUchaocrirms  it  seems  that  it  may  be  a  condition  that  becomes 
irregularly  effective,  though  normal.  These  two  genera  are  of  very 
considerable  interest  as  pointing  to  the  probable  derivation  of  the 
centrale.  The  case  of  Cambocrinus  has  already  been  described  under 
the  discussion  of  Uintacrinus.  This  is  the  most  perfect  example  of  the 
formation  of  a  centrale  where  there  is  no  possibiUty  of  the  proximal  col- 
umnal  taking  part  in  its  formation.  The  evidence  showing  that  this 
plate  could  not  be  other  than  an  absolutely  new  skeletal  element  has 
already  been  given. 

AracknocrimM. — The  genus  Arachnocrinus  offers  us  most  remark- 
able and  unexpected  structures  of  a  similar  nature.  The  genus  is  an 
unusual  dicyclic  Inadunate  which  lived  in  the  neighborhood  of  the 
coral  reefs  of  the  Onondaga  seas.  Apparently  a  column  was  possessed 
by  this  genus  in  the  majority  of  cases,  although  the  extraordinarily 
heavy  arms  could  seemingly  not  be  held  other  than  as  resulting  from 
a  special  ipodification  for  an  eleutherozoic  habit.  In  the  examination 
of  a  number  of  individuals  of  this  genus  in  the  course  of  the  prepara- 
tion of  a  memoir  on  the  Devonian  Crinoidea  of  New  York  State,  I 
was  astonished  to  find  that  no  less  than  three  individuals  showed 
absolutely  no  trace  of  column  attachment.  In  each  of  these  speci- 
mens a  centrale  is  to  be  observed.  Ar(uik7i4>crinus  certainly  had  no 
proximale,  and  it  seems  evident  that  here  again  no  other  explanation 
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for  its  origin  may  be  had  other  than  that  it  represents  an  entirely 
new  element.  One  of  these  crinoids  is  of  special  interest  as  showing 
a  complete  fusion  between  the  centrale  and  certain  of  the  infrabasals. 
This  fusion  quite  parallels  that  to  be  found  in  the  case  of  certain 
UintcLcrinus. 

One  may  only  speculate  as  to  the  conditions  under  which  an  eleu- 
therozoic  habit  was  assumed  by  Ardchnocrinus,  It  would  appear 
that  detachment  from  the  column  took  place  naturally  but  perhaps 
not  universally.  However  such  may  be,  we  know  that  the  form  Uved 
in  the  comparatively  shallow  waters  about  coral  reefs  where  either 
an  excessive  shortening  of  the  column  or  its  complete  elimination 
would  tend  to  be  induced.  Subsequent  to  its  acquisition  of  freedom 
it  is  probable  that  Arachnocrinus  crawled  about  on  the  bottom  rather 
than  swam.  The  comparatively  small  size  of  the  theca  and  the  rela- 
tively enormous  expanse  of  the  massive  arms  seem  to  preclude  the 
possibility  of  active  swimming  movements  on  the  part  of  this  organism. 
A  full  discussion  of  these  remarkable  crinoids  will  be  given  in  a  forth- 
coming work. 

Having  discussed  the  features  more  intimately  associated  with  the 
different  genera  referred  to  this  type,  and  having  shown  the  presence 
of  a  centrale  in  certain  normally  attached  forms,  it  may  be  well  to 
recapitulate  the  evidence  relative  to  the  formation  of  this  plate. 
This  seems  best  as  in  the  discussion  of  various  types  such  facts  have 
been  scattered  and  used  to  illustrate  specific  structures. 

Upon  the  loss  of  the  column  by  a  form  in  which  a  persistent  proxi- 
mal colunmal  is  not  present  or  in  which  specialization  has  not  brought 
about  a  fusion  of  the  proximal  coliunnals  into  a  centro-dorsal,  we 
may  have  the  formation  within  the  proximal  circlet  of  plates  of  an 
entirely  new  element.  Subsequently  this  element  may  fuse  with  the 
adjacent  plates  of  the  cup,  but  this  process  is  but  a  secondary  one 
and  of  no  great  importance.  In  other  cases,  as  will  be  pointed  out 
later,  upon  the  loss  of  the  colimm  the  axial  canal  is  closed  simply  by 
the  increase  in  the  size  of  the  elements  of  the  proximal  circlet.  This 
shows  that  the  formation  of  a  new  plate  is  not  essential.  Further- 
more it  points  to  the  possibility  that  in  the  case  of  Saccocoma  we  need 
not  have  had  a  centrale  originally  to  which  the  basals  fused.  Instead 
the  centrale  in  that  form  may  represent  simply  the  fused  basals. 
At  all  events  the  centrale  may  not  be  held  as  of  any  considerable 
morphologic  significance,  and  is  of  no  great  value  in  determining 
relationships. 

It  is  unnecessary  to  enter  upon  a  discussion  of  the  homologies  of 
the  centrale,  inasmuch  as  being  an  absolutely  new  element,  it  is  not 
homologous  with  any  structures  in  other  crinoids.  It  may  be  seen 
that  a  consideration  of  it  as  representing  the  **dorso-centraJ"  or  the 
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entire  column  of  the  Crinoidea  is  quite  groimdless.  Nor  may  the 
centrale  be  compared  with  the  apical  plate  of  the  Echinoidea,  thereby 
giving  a  footing'  to  far-fetched  theories  of  mutual  interrelationships. 

TYPE  8. 

Agtissieocrinus, — ^The  sole  genus  referable  to  this  division  is  Agas- 
sizocrinuSj  which  flourished  in  enormous  numbers  in  the  late  Missis- 
sippian  seas.  The  structure  characteristic  of  this  group  is  the  close 
union  and  subsequent  fusion  of  the  proximal  circlet  of  plates.  No 
centrale  was  formed,  apparently.  As  elsewhere  noted  Saccocoma 
may  possibly  belong  in  this  division,  for  in  that  genus  the  ''centrale" 
may  simply  represent  the  fused  basals. 

The  infrabasals  in  Agassizocrinus  are  large  and  massive,  while  the 
axial  canal  is  comparatively  small.  Upon  detachment  from  the 
column  a  filling  of  the  axial  canal  probably  took  place,  but  the  residt- 
ant  plug  must  of  necessity  have  been  insignificant  in  size,  and  may 
indeed  never  have  reached  the  surface.  At  any  rate  no  trace  of  the 
plug  can  be  seen  externally.  A  very  close  union  was  effected  between 
the  infrabasals,  and  in  the  majority  of  cases  complete  fusion  took 
place  in  the  adult  stages.  As  a  rule  the  fusion  of  the  plates  was 
followed  by  a  secondary  deposition  of  stereom  over  the  entire  surface 
of  the  infrabasal  knob,  which  effectually  obliterates  all  traces  of 
sutures.  In  the  figure  here  given  (PI.  10,  fig.  5),  it  is  to  be  noted  that 
the  infrabasal  sutures  are  indicated.  This  is  somewhat  unusual  for 
the  genus.  These  fused  infrabasals  are  preserved  to  us  in  great 
numbers,  certain  beds  being  largely  composed  of  them  associated  with 
disarticulated  calycal  plates. 

Agassizocrinus  is  particularly  interesting  because  of  the  fact  that 
the  acquisition  of  an  eleutherozoic  habit  is  a  comparatively  new  thing, 
and  occurs  in  a  line  where  such  disruption  indicates  a  wide  deviation 
from  the  normal.  In  spite  of  this  fact  the  innovation  seems  to  have 
been  a  most  successful  one,  judging  from  the  prolific  development  of 
the  genus.  AgassizocrimLS  appears  to  have  been  near  the  termination 
of  its  genetic  line,  and  it  is  perhaps  on  this  account  alone  that  it  has 
not  given  rise  to  a  line  of  eleutherozoic  descendants. 

As  to  the  habits  of  Agassizocrinus  little  may  positively  be  said.  It 
seems  highly  probable  that  an  eleutherozoic  existence  was  maintained 
from  a  very  early  ontogenetic  stage,  for  no  trace  of  a  stem  cicatrix  is 
to  be  seen.  Considering  the  very  heavy  nature  of  the  cup  plates  and 
the  comparatively  massive  and  short  arms  it  scarcely  is  to  be  held 
that  the  animal  was  a  free-swinmiing  organism.  Rather,  I  think  it 
should  be  considered  that  Agassizocrinus  for  the  greater  part  of  the 
time  crawled  about  on  the  bottom  and  was  capable  of  swimming  but 
short  distances. 
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Scytalocrinv^. — In  connection  with  the  discussion  of  AgcLSsizocrimis 
should  be  noted  a  specimen  of  Scytalocrirme  which  abnormally  exhibits 
similar  structural  features  to  those  shown  by  Agassizocrinus.  In  this 
specimen  the  column  has  been  completely  lost.  Although  disruption 
from  the  column  in  this  instance  may  be  held  to  be  abnormal,  it  may 
well  represent  the  effect  of  a  tendency  toward  an  eleutherozoic  habit 
becoming  irregularly  effctive  in  this  genetic  line.  Aga^sizocrirms  is 
closely  related  to  Scytalocrinus  and  a  condition  so  universally  assumed 
and  maintained  by  this  genus  might  well  appear  sporadically  else- 
where among  related  types. 

The  specimen  illustrating  this  unusual  and  interesting  structure 
has  been  described  in  Troost's  recently  pubhshed  manuscript  (1909, 
p.  88)  as  Scytalocrinus  (?)  gracilis,  Troost  observed  that  the  stem 
is  wanting  and  that  there  seems  to  be  no  evidence  of  stem  attach- 
ment. He  therefore  referred  the  specimen  to  the  genus  Agassizo- 
crinus. Miss  Wood,  in  editing  the  manuscript,  referred  the  species 
to  Scytalocrinus  J  a  genus  to  which  it  may  well  be  referred. 

In  this  specimen  there  is  no  sign  of  fusion  among  the  infrabasals 
nor  has  a  centrale  been  formed  to  plug  up  the  axial  canal.  The 
closing  of  this  canal  has  been  eflFected  by  a  growth  and  close  union 
of  the  infrabasals  themselves.  The  crinoid  probably  did  not  lose  its 
stem  when  young  as  Miss  Wood  supposes.  A  very  definite  flattening 
of  the  infrabasals  marks  the  former  stem  cicatrix,  and  while  there 
has  been  more  or  less  resorption  and  solution  there  is  every  reasdn 
to  beheve  that  the  column  had  reached  a  fair  size  before  the  crinoid 
became  detached. 

The  anal  side  of  the  crinoid  is  badly  weathered,  and  it  is  somewhat 
difficult  to  make  out  the  true  nature  of  the  plates.  Miss  Wood  in 
her  notes  has  pointed  out  that  one  of  the  infrabasals  seems  smaller 
than  the  others  and  apparently  does  not  reach  the  center.  The 
infrabasals  were  undoubtedly  neariy  equal  in  size,  but  owing  to 
weathering  one  has  been  nearly  elinunated.  This  shows  how  difficult 
it  is  to  judge  accurately  of  the  relationship  of  the  other  plates  on 
this  side.  The  plates  certainly  are  not  "much  distorted."  The 
left  posterior  radial  seems  abnormally  small,  and  it  is  possible  that 
the  left  posterior  arm  was  partially  aborted.  Not  enough  remains 
now  to  be  sure  of  this,  however.  The  anal  interradius  seems  fairly 
normal.  The  primibrachs  of  the  left  antero-lateral  and  right  postero- 
lateral rays  are  curiously  flattened  on  the  sides  toward  the  anal 
interradius,  but  this  I  attribute  to  weathering. 

Miss  Wood  has  suggested  that  the  crinoid  lay  flat  on  the  bottom. 
This  explanation  might  well  account  for  the  apparent  distortion  and 
abortion  of  the  plates  and  arms  of  the  anal  side,  but  is  so  opposed  to 
the  habits  of  the  Crinoidea  that  one  hesitates  to  accept  it.  The 
conditions  as  we  have  them  may  be  accounted  for  on  the  basis  of 
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excessive  weathering,  and  such  being  the  case  it  seems  perhaps 
preferable  to  explain  them  on  that  basis.  One  would  think  that  the 
development  of  the  arms  of  this  form  is  quite  sufficient  to  enable 
the  crinoid  to  use  them  as  swinuning  or  ambulatory  organs  and  so 
obviate  the  necessity  of  maintaining  a  purely  passive  existence. 

TYPE  4. 

This  group  has  been  erected  for  the  reception  of  two  blastoid 
genera,  Eteufherocrinus  and  ZygocrinuSj  and  two  cystid  genera, 
ProtocrinuB  and  Lichenoides.  This  division  obviously  contains  a 
rather  heterogeneous  collection  of  Pelmatozoa,  all  of  which,  however, 
have  a  similar  arrangement  of  proximal  plates  as  regards  the  closing 
of  the  apical  aperture.  In  each  of  these  genera  the  axial  canal  is 
closed  by  an  increase  in  the  size  of  the  plates  composing  the  proximal 
circlet,  which  become  closely  united  but  not  fused.  In  this  they 
agree  with  Scytalocrinus,  described  above,  and  with  certain  Agassizo- 
crinus  in  which  fusion  of  the  infrabasals  has  not  become  effective. 

Lichenoides. — Lichenoides,  which  has  been  described  and  figured 
by  Barrande  (1887)  as  well  as  the  preservation  of  the  material 
permits,  must  have  lost  its  column  at  a  very  early  stage  in  its  develop- 
ment. As  will  be  seen  by  reference  to  Plate  11,  figure  11,  the  proxi- 
mal circlet  of  plates  is  somewhat  disarranged,  and  by  a  mutual 
adjustment  of  the  elements  the  apical  opening  is  closed. 

Bather  (1900)  holds  that  the  theca  is  '*  composed  of  rounded  plates 
of  very  different  size,  but  semiregular  in  arrangement.  At  the  base 
are  five  to  twelve  minute  plates."  It  seems  to  me  that  the  cup  is 
composed  of  four  circlets  of  plates,  with  five  plates  in  each  range,  as 
in  MacrocysteUa,  to  which  this  genus  appears  to  be  closely  related. 
The  apparent  irregularity  of  arrangement  is  due  to  a  shifting  of  the 
plates  subsequent  to  detachment  from  the  column. 

The  systematic  position  of  this  genus  is  highly  problematic.  As 
stated  under  the  discussion  of  MacrocysteUa  above,  the  forms  seem 
more  closely  related  to  the  Crinoidea  than  the  Cystidea,  and  might 
well  be  styled  '^tricyclic''  Crinoidea.  At  all  events  one  finds  con- 
siderable difficulty  in  assigning  them  to  the  Cystidea. 

Protocrinus. — ^In  the  genus  Protocrinus  (PI.  11,  figs.  12  and  13)  it 
may  be  seen  that  attachment  by  a  column  was  had  until  compara- 
tively late  in  the  life  of  the  animal — at  least  in  certain  individuals. 
The  specimen  given  as  figure  12  apparently  has  four  plates  in  the 
proximal  circlet,  and  there  is  a  well-defined  stem-cicatrix.  By  the 
well-defined  nature  of  the  latter,  it  is  evident  that  the  column  was 
comparatively  well  differentiated.  In  figure  13  all  traces  of  stem 
attachment  have  disappeared.  There  has  likewise  been  a  fusion 
between  two  of  the  elements  of  the  proximal  circlet. 
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It  is  probable  that  in  both  this  and  in  the  preceding  forms  locomo- 
tion was  effected  by  the  animals  crawling  on  the  bottom.  The 
appendages  seem  scarcely  to  be  of  sufficient  size  and  strength  to 
warrant  the  conclusion  that  they  could  function  as  efficient  swimming 
organs  unless  aided  by  a  considerable  buoyancy  of  the  theca,  which 
in  these  cases  seems  to  be  wanting. 

Ekviherocrinus  and  Zygocrinua  differ  from  most  other  eleutherozoic 
Pelmatozoa  either  in  not  being  essentially  free-swimming  organisms 
or  in  not  crawling  along  the  bottom  with  the  theca  raised  above  the 
surface.  In  their  manner  of  life  they  simulate  the  Echinoidea 
among  the  Eleutherozoa  and  the  Anomalocystidffi  among  the 
Pelmatozoa.  A  free-swimming  existence  was  denied  them,  indeed, 
by  the  lack  of  proper  oi^ans  of  propulsion.  Their  slender,  com- 
paratively weak  pinnules,  ranged  along  the  ambulacral  areas,  were 
incapable  of  the  sweeping  oar-like  movements  of  the  long  stout 
crinoid  arms.  They  could  do  creditable  service,  however,  in  pushing 
the  crinoid  along  the  bottom, 

EletUherocrinus. — Ekviherocrinus  (PL  10,  figs.  6-8)  was  descended 
from  an  essentially  PeiUremitideaA^kQ  ancestor.  When  the  blastoid 
became  detached  from  its  column,  it  naturally  lay  lengthwise.  Two 
points  determined  the  side  which  was  to  lay  next  the  bottom.  In 
the  first  place  the  anal  opening  had  to  be  on  the  lower  side  to  prevent 
the  excrement  from  fouling  the  spiracles  and  ambulacra.  In  the 
second  place,  as  many  of  the  ambulacra  were  to  retain  their  unim- 
paired efficiency  as  possible.  There  are  three  possible  positions 
meeting  the  first  requirement;  upon  the  right  posterior  ambulacrum, 
the  left  posterior  ambulacrum,  and  upon  the  posterior  interradius. 
In  order  to  meet  the  second  requirement,  however,  the  posterior 
interradius  must  be  eliminated  from  consideration.  With  the 
blastoid  resting  upon  it,  two  ambulacra  would  have  been  rendered 
practically  useless.  Of  the  two  positions  left,  the  one  with  the  left 
posterior  ambulacrum  resting  on  the  bottom  was  assumed. 

In  motion  the  blastoid — ^not  Eleviherocrinus  as  yet — ^progressed 
backward,  as  it  were.  That  is,  the  apical  portion  formed  the  forward 
end.  The  reasons  for  this  are  obvious.  If  motion  were  to  take 
place  in  the  opposite  direction,  the  sediment  of  the  bottom  woidd  be 
pushed  up  over  the  oral  openings.  Moreover,  the  efficiency  of  the 
pinnules  would  probably  be  lessened. 

The  modifications  in  the  structure  of  the  blastoid  as  a  result  of 
the  assumption  of  this  type  of  existence  are  marked,  and  offer  a 
beautiful  instance  of  adaptation.  The  aboral  end  of  the  theca  became 
sharply  pointed,  rounding  above  and  flattened  below.  The  left 
posterior  ambulacrum  became  greatly  shortened  and  widened, 
coming  to  he  entirely  in  the  plane  of  the  oral  face.    Thus  we  have  the 
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lower  portion  of  the  body  forming  a  smooth  flattened  surface,  admi- 
rably adapted  to  sliding  along  the  bottom. 

Zygocrinu8. — ^In  Zygocrinus,  from  the  Carboniferous  of  England, 
modifications  apparently  quite  at  variance  with  those  to  be  observed 
in  the  case  of  Bllevih^rocrinus  are  to  be  noted.  It  is  difficult  in  the 
extreme  without  an  examination  of  original  material  to  determine 
the  nature  and  extent  of  these  differences.  It  would  seem,  however, 
in  Zygocrinus,  that  upon  detachment  the  animal  did  not  rest  length- 
wise upon  the  bottom,  but  upon  the  apical  portion  of  the  theca.  If 
this  be  the  case  it  seems  highly  probable  that  the  ancestral  type  was 
subglobose  as  to  form,  and  perhaps  not  unlike  Graruiiocrinus,  Motion 
in  this  curious  genus  seems  to  have  been  directed  with  the  aborted 
ray  forward.  The  genus  is  certainly  a  highly  specialized  and  diver- 
gent type  and  if  it  bears  movable  spines  as  described  the  resemblance 
to  the  Echinoidea  is  considerably  enhanced. 

General  discussion  of  Group  IL — ^In  the  members  of  Group  II  it  is  to 
be  noted  that  the  greater  portion  of  the  column  is  lost  and  in  certain 
cases  no  remnant  of  it  remains  subsequent  to  detachment.  Main- 
taining an  eleutherozoic  existence,  permanent  refixation  by  cemen- 
tation has  in  no  case  been  observed.  The  loss  of  the  column  is  even 
more  remarkable  than  the  assumption  of  a  detached  existence. 
The  column  is  a  highly  diflFerentiated  oi^an  and  was  only  acquired 
after  a  long  period  of  fixation.  That  such  a  highly  specialized 
organ  should  suddenly  be  dispensed  with  is  an  interesting  com- 
mentary on  the  way  in  which  animals  discard  structures  when  it  is 
to  their  advantage  to  do  so.  The  wide  assumption  of  an  eleuthero- 
zoic type  of  life  among  such  extremely  variable  organisms  throughout 
geologic  time  further  emphasizes  the  remarkable  tendency  there  has 
been  noted  toward  the  assumption  of  freedom  by  the  Pelmatozoa. 

Gboup  III. 

The  members  of  Group  III  as  heretofore  defined  constitute  those 
Crinoidea  that  do  not  possess  a  true  jointed  column  but  as  a  rule 
are  cemented  to  the  bottom  by  a  base  of  varying  composition.  This 
base  for  purposes  of  convenience  I  have  styled  a  peduncle.  The 
bearing  that  these  pedunculate  forms  have  on  eleutherozoic  conditions 
as  they  obtain  among  the  Pelmatozoa  may  not  be  immediately 
obvious.  It  seems  highly  probable,  however,  that  these  forms 
represent  an  effort  on  the  part  of  the  Crinoidea  to  assume  a  detached 
existence,  a  tendency  that  has  become  but  partially  effective.  Fur- 
thermore, in  one  genus  at  least  to  which  we  shall  devote  most  of  our 
attention  both  an  attached  and  detached  existence  is  maintained, 
even  within  a  single  species.  At  all  events  the  cause  for  the  assump- 
tion of  such  structures  as  are  possessed  by  the  members  of  this  group 
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is  doubtless  of  very  similar  nature  to  those  that  have  brought  about 
an  eleutherozoic  habit  on  the  part  of  other  crinoids.  It  is  for  this 
reason  that  these  forms  have  been  introduced  in  the  present  paper. 

EdrioerimL8. — ^The  genus  Edriocrinus  has  long  been  known,  although 
its  genetic  affinities  are  but  poorly  understood.  It  has  a  fairly  long 
geologic  rangC;  being  found  from  the  New  Scotland  to  the  Onondaga. 
Its  structure  is  apparently  very  simple,  as  will  be  seen  by  reference  to 
Plate  11,  figures  1,  2,  9, 14, 15.  The  cup  consists  of  five  radials  and 
an  anal  plate.  The  latter  is  somewhat  narrower  than  the  radials 
but  of  equal  height.  This  cup  rests  upon  an  apparently  amorphous 
base.  The  arms  are  short  but  remarkably  broad  and  stout,  indicating 
adaptation  perhaps  more  to  a  shallow  water  habit  than  to  an  eleu- 
therozoic existence.  The  shape  of  the  base  and  the  relation  of  the 
thecal  plates  to  it  vary  considerably.  This  variation  is  immediately 
obvious  in  a  comparison  of  Plate  11,  figures  1  and  9. 

Edriocrinus  dispanaua,  new  species  (PL  11,  figs.  1  and  2),  offers 
perhaps  the  most  interesting  variant  from  the  normal  Edriocrinus 
structure.  In  this  species,  which  occurs  in  the  Linden  ( Helderbergian) 
of  Big  Sandy  River,  Benton  County,  Tennessee,  the  base  is  greatly 
expanded.  In  the  specimen  here  figured  the  animal  is  attached  to  a 
shell  of  Leptssna  rhornboidalis,  which  it  entirely  covers  and  extends 
beyond.  Despite  the  great  expanse  of  the  lower  portion  of  the  cup, 
the  diameter  of  the  theca  at  the  arm  bases  is  comparatively  small. 
It  is  to  be  noted  that  the  radials  and  anal  are  directed  inward,  rather 
than  vertically  or  outward,  as  in  the  case  of  most  Crinoidea.  As  a 
result  the  radials  are  considerably  broader  at  the  base  than  at  the  top. 
There  is  no  other  species  of  Edriocrinus  that  in  any  way  approaches 
this  form.  The  holotype  of  this  species  is  in  the  United  States 
National  Museum.     (Cat.  No.  27757.) 

As  going  to  the  opposite  extreme  from  Edriocrinus  dispansus 
should  be  taken  E.  pyriformis.  In  this  species  (PI.  11,  fig.  9)  the 
peduncle  is  comparatively  slender  and  elongate,  having  more  the 
appearance  of  a  short,  fairly  stout  column.  The  other  species  of 
Edriocrinus  he  intermediate  between  this  and  the  preceding  species, 
both  structurally  and  geologically. 

Edriocrinus  sacculus,  from  the  Oriskany,  is  a  type  that  offers  many 
interesting  features  relative  to  the  structure  of  the  genus.  It  is 
through  the  evidence  of  this  form,  for  instance,  that  we  know  anything 
in  regard  to  the  structure  of  the  arms  of  Edriocrinus.  This  species 
likewise  combines  an  eleutherozoic  and  statozoic  habit.  The  species 
is  constantly  attached  in  the  young  forms,  as  may  be  noted  in  Plate 
11,  figure  14.  The  young  apparently  were  often  associated  in  groups 
or  clusters  as  here  indicated.  A  number  of  these  clusters  have  been 
noted  where  the  young  are  cemented  to  brachiopod  or  gastropod 
shells.     In  certain  individuals  it  appears  that  attachment  was  main- 
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tained  throughout  Ufe.  In  the  majority  of  cases,  however,  detach- 
ment from  the  bottom  took  place.  Detachment  became  effective 
through  the  resorption  of  the  stalk  near  its  base.  This  resulted  in  the 
freedom  of  the  organism.  Detachment  in  the  case  of  these  crinoids 
apparently  occurred  at  widely  different  periods  in  the  development 
of  the  animals,  for  attached  forms  of  widely  different  sizes  may  be 
observed.  Figure  14,  Plate  11,  probably  represents  the  approximate 
size  at  which  detachment  normally  occurs,  for  the  majority  of  attached 
individuals  seem  to  be  of  about  this  size  or  smaller. 

Subsequent  to  detachment  Edriocrinus  perhaps  moved  from  place 
to  place  by  crawling  on  its  stout  arms.  The  position  assumed  by  the 
specimen  of  E.  saccvZua  as  given  on  Plate  11,  figure  15,  is  probably  the 
natural  one.  As  here  shown  Edriocrinus  is  crawling  over  the  surface 
of  a  large  gastropod.  It  does  not  seem  possible  with  the  compara- 
tively feeble  musculature  of  this  genus  and  the  stout  arms  that  are 
borne  that  the  animal  could  have  been  capable  of  very  effective 
swimming  movements. 

The  origin  of  the  peduncle  as  possessed  by  Edriocrinus  may  not 
certainly  be  determined.  It  seems  probable,  however,  that  it  consists 
in  part  at  least  of  fused  columnals.  Early  in  the  ontogeny  of  the 
animal  it  may  well  be  that  the  crinoid  became  detached  from  its 
embryonic  stem  and  swam  about  freely  with  but  a  few  columnals 
attached  to  the  theca.  Instead  of  thereafter  maintaining  a  detached 
existence  the  crinoid  settled  down  and  became  cemented  to  some 
object  on  the  bottom.  Subsequently  a  coalescence  of  the  constituent 
columnals  took  place,  resulting  in  the  formation  of  such  structures 
as  we  find. 

Edriocrinus  has  been  placed  among  the  Flexibiha  largely  from  the 
want  of  a  better  place  to  put  it.  Its  apparent  lack  of  pinnules  has 
caused  it  to  be  grouped  with  the  Impinnata.  It  does  not  seem  evident 
that  this  grouping  is  correct,  for  the  genus  does  not  behave  as  one 
would  expect  a  member  of  the  Flexibiha  to  do.  The  evidence  of 
the  lack  of  pinnules  is  highly  inconclusive.  Indeed  I  think  that  the 
use  of  this  character  in  classification  must  be  attended  with  con- 
siderable caution.  There  has  probably  never  been  a  crinoid  which 
might  truly  be  styled  impinnate.  The  pinnulse  may  be  more  in  the 
nature  of  tentacles  perhaps  and  need  not  be  strengthened  by  calcified 
ossicles  but  they  are  nevertheless  pinnulse.  Upon  occasion  centers 
of  calcification  may  appear  within  these  pinnules  and  ossicles  be 
formed.  Even  with  the  formation  of  definite  ossicles  it  does  not 
necessarily  follow  that  the  pinnules  would  be  preserved  to  us  to-day 
unless  there  be  a  very  close  union  between  the  constituent  ossicles 
and  between  the  pinnulee  and  the  arm  proper.  Bather  argues  for 
the  origin  of  pinnules  from  bifurcation  of  the  arm,  but  I  hold  that 
94428**— Proc.N.M.  vol.41— 11 8 
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in  all  probability  the  opposite  process  has  obtained.  At  times,  no 
doubt,  arm  branches  have  become  reduced  in  size  forming  ramules 
and  even  ultimately  what  might  be  styled  pinnules.  However,  I 
do  not  think  that  this  has  been  the  normal  process. 

As  has  been  elsewhere  noted,  certain  fossil  Crinoidea  may  be  held 
to  have  led  an  epi-planktonic  existence,  being  attached  to  floating 
wood.  Edrwcrinus  may  be  added  to  the  list  of  epi-planktonic 
types.  The  species  involved  is  probably  E.  dispansus,  a  fairly  young 
specimen  of  which  has  been  found  attached  to  the  float  of  a  Scypho- 
crinus.  The  Edriocrinus  was  cemented  to  the  lower  surface  of  the 
bulb,  and  inasmuch  as  these  floats  are  almost  invariably  found  in  the 
rocks  with  the  lower  surface  down,  it  seems  probable  that  attach- 
ment was  had  while  the  ScypJiocrinus  was  aUve  and  freely  floating. 

Cotylederma,  EudesicrinuSj  and  Holopus. — For  comparison  with 
Edriocrinus  figures  are  here  given  of  the  curious  genera  Cotylederma, 
EudeaicrinuSj  and  Holopus  (PI.  11,  figs.  3-5,  6-8,  10).  It  will  be 
noted  in  all  of  these  forms  that  the  crinoid  is  cemented  to  the  bottom 
by  a  soUd  calcerous  disk.  No  infrabasals  or  basals  are  to  be  observed. 
The  origin  of  these  forms,  as  in  the  case  of  Edriocrinus,  is  more  or  less 
obscure.  likewise  the  composition  of  the  base  by  which  the  crinoid 
is  cemented  is  a  matter  of  conjecture.  It  is  only  I  think  by  tracing 
the  possible  derivation  of  these  crinoids  that  we  may  get  a  clue  as  to 
the  composition  of  the  peduncle.  It  is  not  essential  in  tracing  the 
evolution  of  these  forms  that  we.  establish  the  exact  genetic  lines. 
Eather  we  should  attempt  to  establish  the  evolution  of  the  structural 
features  that  might  evolve  such  a  type  of  base. 

Origin  of  pedunculate  type  of  structure. — ^The  evolution  of  these 
forms  may  perhaps  be  held  to  be  somewhat  as  follows:  Having  a 
stalked  ancestor  with  a  well  differentiated  proximale,  detachment 
becomes  effective  immediately  beneath  this  plate.  For  a  time  a 
free-swimming  or  possibly  crawling  existence  is  maintained.  Sub- 
sequently reattachment  takes  place.  This  is  accomplished  by  the 
cementation  of  the  proximale  to  some  object  on  the  sea  bottom.  If 
such  be  held  to  be  the  origin  of  the  peduncle  we  may  consider  it  to 
have  essentially  the  composition  of  a  centro-dorsal,  barring  the  lack 
of  cirri. 

The  reason  for  refixation  in  these  forms  is  not  altogether  clear. 
As  is  elsewhere  noted  there  is  considerable  evidence  to  prove  that 
alternate  periods  of  freedom  and  fixation  frequently  obtain  among 
the  Pelmatozoa.  In  these  genera  this  condition  may  be  expressed 
in  a  single  period  of  freedom  followed  by  permanent  fixation  through- 
out the  subsequent  life  of  the  organism.  The  reason  for  the  lack 
of  maintenance  of  an  eleutherozoic  habit  may  not  certainly  be  stated 
although  there  are  several  possible  causes.  It  may  be  that  the 
structure  of  the  arms  ia  these  genera  is  not  such  as  to  enable  them  to 
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functioii  as  efficient  ambulatory  or  swimming  appendages.  There 
are  so  many  factors  indeed  that  might  influence  the  crinoids  that 
there  is  small  choice  between  them.  The  important  fact  after  all  is 
that  cementation  did  take  place. 

Jaekel  (1891)  has  combined  these  genera  with  the  Eugeniacrinidse, 
near  which  they  unquestionably  belong.  It  seems  probable  further- 
more that  different  though  closely  related  genetic  lines  may  be  repre- 
sented. A  tendency  becoming  effective  in  one  line  would  be  bound 
to  crop  out  among  other  related  types. 

CONCLUSIONS. 

In  the  preceding  portion  of  this  paper  an  attempt  has  been  made 
rather  toward  the  enumeration  of  specific  instances  of  detachment  of 
the  Pelmatozoa  and  the  consequent  modifications  as  shown  by  certain 
types  than  toward  the  broader  features  as  influencing  the  class  as  a 
whole.  It  may  be  well  to  bring  together  the  more  pertinent  facts 
relative  to  the  assumption  of  an  eleutherozoic  habit  among  the  Pelma- 
tozoa indicating  in  a  broad  wAy  the  general  tendencies  to  be  observed. 
This  will  of  necessity  include  a  comparative  study  of  the  manifesta- 
tions of  an  eleutherozoic  habit  as  shown  in  the  various  groups  and  by 
the  different  classes  of  the  Pelmatozoa.  The  probable  proximal 
causes  for  the  assumption  of  this  mode  of  life  will  also  be  treated  in  a 
general  way.  It  was  originally  intended  to  discuss  at  length  the 
influence  of  the  widespread  acquisition  of  freedom  oil  the  symmetry 
and  distribution  of  the  Pelmatozoa,  but  such  topics  though  germane 
to  the  subject  matter  of  the  present  paper  may  perhaps  best  be  treated 
independently  in  separate  articles. 

A  review  of  the  evidence  relative  to  the  maintenance  of  an  eleuthe- 
rozoic habit  among  the  Pelmatozoa  will  show  that  such  a  form  of 
life  has  widely  been  assumed  and  maintained  among  the  Cystidea, 
Blastoidea,  and  Crinoidea  throughout  their  history.  In  each  class 
highly  specialized  types  have  been  evolved,  the  degree  and  nature 
of  the  specialization  being  dependent  in  the  main  on  the  structure  of 
the  organisms  involved.  Among  the  stalked,  erect  forms  detachment 
from  the  bottom  may  be  held  as  an  almost  universal  attribute.  At 
tunes  the  period  of  detachment  may  be  brief  and  succeeded  by  a  period 
of  fixation.  Again,  there  may  be  several  alternating  periods  of  at- 
tachment and  freedom.  Such  may  be  held  to  be  the  normal  mode  of 
life  of  the  majority  of  the  stalked  Pelmatozoa. 

It  is  obvious,  I  think,  that  those  forms  among  which  a  detached 
existence  is  largely  maintained  are  to  be  derived  from  types  whose 
periods  of  freedom  were  of  short  duration.  Whether  there  ever 
existed  a  stalked  Pelmatozoan  that  was  sedentary  from  the  time  of  its 
attachment  is  a  question  that  must  unfortunately  be  forever  open. 
One  might  ai^e  that  such  should  of  necessity  be  the  case  in  order  to 
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account  for  the  radial  symmetry  of  the  Pelmatozoa.  According  to 
the  hypothesis  of  A.  H.  Clark;  which  will  be  discussed  at  length  at 
some  future  time,  the  acquisition  of  radial  symmetry  is  in  no  wise 
dependent  upon  the  type  of  life  led  by  the  ancestral  forms.  Radial 
symmetry,  according  to  his  views,  may  be  evolved  equally  as  well  in 
eleutherozoic  as  in  statozoic  stock.  It  is  impossible  to  completely 
accept  these  views,  but  it  does  seem  probable  that  absolute  fixation 
throughout  the  Ufe  of  the  individual  for  many  generations  is  not 
essential. 

We  may  assume  that  from  the  very  primitive  eleutherozoic  echino- 
derm  stock  there  split  off  a  group  in  which  a  statozoic  condition  of 
life  was  the  prevailing  tendency.  Within  this  general  stock  there 
probably  were  strains  in  which  this  tendency  was  more  deeply  im- 
pressed than  in  others.  Be  this  as  it  may  it  seems  likely  that  in  the 
history  of  the  Pelmatozoa  there  was  a  period  in  which  a  statozoic  habit 
was  the  prevailing  and  dominant  character.  This  period  Ues  inter- 
mediate between  that  in  which  freedom  is  the  expression  of  non- 
specialization,  and  that  in  which  an  eleutherozoic  existence  is  the 
expression  of  a  still  higher  degree  of  specialization  among  types  of 
considerable  complexity.  It  is  no  doubt  largely  to  this  intermediate 
stage  that  the  Pelmatozoa  owe  the  indelible  impress  of  a  statozoic 
existence  as  evidenced  by  orthogenetic  tendencies  made  manifest 
even  to  the  present  day. 

Among  the  T^ystidea  we  find  the  only  eleutherozoic  Pelmatozoa 
that  may  not  be  held  as  having  descended  from  a  long  line  of  sta- 
tozoic ancestors.  Even  in  this  class  there  are  but  a  few  of  the  many- 
plated  types  that  may  be  claimed  as  having  evolved  from  a  stock 
in  which  fixation  had  not  become  effective.  These  many-plated 
Cystidea  were  short-lived  and  never  of  commanding  importance. 
With  but  one  exception  indeed  there  seems  to  have  been  no  line 
which  persisted  for  any  considerable  length  of  time  but  that  was 
derived  from  a  stock  in  which  a  statozoic  habit  had  been  deeply 
ingrained.  The  exception  is  that  of  the  AnomalocystidaB,  where  it 
would  seem  that  an  eleutherozoic  habit  had  been  early  assumed  and 
constantly  maintained.  It  is  probable,  however,  that  even  in  this 
line  descent  was  had  from  Cystidea  among  which  fixation  at  least 
became  irregularly  effective. 

Causes  for  assumption  of  detached  existence. — ^When  the  general 
tendency  among  the  Pelmatozoa  seems,  superficially  at  least,  to  be 
constantly  toward  the  perfection  of  organs  for  purposes  of  attachment, 
it  is  diflBcult  to  see  the  reason  for  such  widespread  departure  from 
statozoic  conditions.  The  assumption  of  an  eleutherozoic  habit  may 
by  no  means  be  held  as  a  reversion,  but  instead  is  to  be  considered 
as  a  well-defined  progressive  tendency.  The  causes  of  this  deviation 
from  the  indicated  path  are  not  inmiediately  obvious.    It  is  probable 
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indeed  that  they  are  of  two  sorts,  to  a  certam  extent  mutually 
interdependent.  In  the  first  place  detachment  may  be  forced  upon 
the  organisms  by  stress  of  physical  conditions  under  which  the  animals 
live.  In  the  second  place  it  may  be  assumed  as  a  character  largely 
benefiting  the  race. 

A  discussion  of  these  factors  is  of  no  small  interest  as  showing  to 
what  extent  the  disruption  of  the  column  is  optional  and  to  what 
extent  it  is  involuntary.  There  are  two  possible  processes  by  which 
detachment  may  be  attained  among  Uving  Pelmatozoa.  In  the  first 
place  we  may  have  a  violent  disruption  of  the  column  through  the 
agency  of  some  physical  force.  In  the  second  place  we  may  have 
voluntary  detachment,  following  partial  resorption  of  the  column. 
Both  of  these  processes  have  no  doubt  at  times  been  effective. 

Detachment  by  violent  disruption. — In  order  to  make  valid  the 
hypothesis  of  nolent  disruption  of  the  crinoid  colunm  one  must  first 
have  a  physical  agent  competent  to  cause  such  a  break.  The  only 
plausible  explanation  would  be  that  of  severe  wave  action.  The 
assumption  that  crinoids  may  live  at  depths  at  which  wave  activity 
might  act  with  considerable  intensity  is  not  wholly  unwarranted. 
As  has  been  elsewhere  cited,  hocrinus  has  been  reported  at  depths 
of  approximately  20  fathoms.  It  is  said,  however,  that  they  Uve  in 
much  shallower  water  than  this  even.  After  heavy  storms  the  shores 
of  certain  coasts  are  said  to  be  strewn  with  fragments  of  hocrinus. 
Carpenter  (1884,  p.  289)  records  that  after  a  gale  Isocrinus  of  all  ages 
and  sizes  were  cast  up  on  the  shores  at  Barbados.  This  must  indi- 
cate a  very  shallow  water  habit  for  Isocrinus  at  that  locality.  Cer- 
tainly were  we  to  find  the  modem  representatives  of  the  Chinoidea 
living  at  such  extremely  shallow  depths  as  to  be  destroyed  by  wave 
action  and  cast  up  on  the  shore,  we  may  equally  well  expect  the 
Paleozoic  forms  to  have  lived  in  water  shallow  enough  to  subject 
them  to  considerable  wave  violence. 

Involuntary  detachment  of  the  crinoids  may  have  been  a  not 
unconmion,  and  consequently  an  important  occurrence  in  Paleozoic 
times.  As  mentioned  above,  it  seems  possible  that  the  sea  bottom 
was  quite  within  the  range  of  wave  action,  at  least  in  cases  of  violent 
storms.  If  this  were  true  we  may  readily  conceive  of  the  crinoids 
being  torn  loose  from  their  anchorage  and  leading  an  eleutherozoic 
existence  for  a  time  at  least,  while  they  were  seeking  favorable  loca- 
tions for  reattachment.  The  beds  of  crinoid  roots  at  Waldron  may 
well  be  an  instance  of  this  sort.  These  were  adult  specimens  and  it 
seems  highly  improbable  that  the  entire  colony  would  break  loose 
and  migrate  to  another  point  voluntarily. 

Such  involuntary  detachment  may  have  been  especially  common 
in  the  case  of  young  forms.  It  seems  reasonable  to  expect  that  these 
may  have  lived  in  much  shallower  water  than  the  adults.    The  case 
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of  the  Ordovician  cririoids  at  Kirkfield,  Ontario,  seems  to  indicate 
such  a  condition  of  affairs.  Here  we  have  the  bases  of  the  crinoid 
columns  cemented  to  an  old,  hardened  and  eroded  sea  bottom.  It 
is  obvious  that  this  area  had  been  emerged  and  upon  its  sinking  the 
crinoids  came  in  with  the  gradually  advancing  sea.  The  lack  of 
sediment,  and  the  fact  that  the  crinoids  are  cemented  directly  to  this 
eroded  surface,  indicate  that  the  crinoids  Uved  there  very  shortly 
after  submergence.  Submergence  in  such  cases  is  admittedly  a 
gradual  process  and  of  necessity  these  crinoids  must  have  lived  in 
quite  shallow  water.  It  is  evident  that  even  moderate  wave  activity 
would  serve  to  loosen  these  crinoids  from  their  points  of  attachment. 

Effect  of  forcible  detachment  on  the  organisms. — ^It  may  easily  be 
seen  that  if  the  majority  of  the  Pelmatozoa  were  forcibly  detached 
at  different  times  in  their  ontogeny,  and  were  they  to  live  imder 
such  conditions  that  tliey  might  at  any  time  be  torn  from  the  bottom, 
no  complicated  organs  for  the  purpose  of  permanent  fixation  would 
tend  to  be  evolved.  Rather,  the  exigencies  of  such  a  life  would  tend 
to  perfect  the  organism  in  the  way  of  acquiring  structures  for  tem- 
porary attachment,  or  to  cause  them  totally  to  abandon  all  attempts 
toward  permanent  fixation.  Here,  with  the  exception  of  those 
Cystidea  where  fixation  had  not  yet  become  wholly  effective,  we 
probably  see  the  prime  cause  for  the  inception  of  detached  conditions 
among  the  Pelmatozoa.  Generalizing,  one  may  say  with  a  consider- 
able degree  of  certainty  that  a  free-swimming  or  pedunculate  form 
of  existence  among  the  Crinoidea  is  induced  by  a  comparatively 
shallow  water  habitat.  Although  free-swimming  crinoids  are  found 
at  great  depths,  it  is  only  reasonable  to  suppose  that  they  have 
secondarily  sought  the  abyssal  zone.  The  greater  number  of  free- 
swimming  crinoids  are  to  be  found  either  in  shallow  water  or  in 
regions  largely  affected  by  strong  oceanic  currents. 

Having  to  a  greater  or  less  extent  forcibly  been  compelled  to  as- 
sume a  semidetached  existence  generation  after  generation,  it  is  but 
natural  that  in  certain  lines  a  tendency  would  be  induced  toward  the 
more  perfect  acquisition  of  such  a  mode  of  life  as  being  of  consider- 
able benefit  to  the  animals.  Such  a  tendency  is  apt  to  make  itself 
most  evident  among  the  terminal  members  of  various  genetic  lines. 
Here,  probably  owing  to  the  impaired  force  of  the  tendency  toward 
fixation,  complete  detachment  from  the  column  may  become  effective. 
This  freedom  of  the  animal  is  further  made  possible  by  the  possession 
of  structures  that  are  sufficiently  perfected  as  oi^ans  of  locomotion 
to  enable  the  echinoderm  to  maintain  a  truly  eleutherozoic  existence. 

Advantages  of  a  detached  existence. — ^The  ability  of  a  crinoid  to  move 
from  place  to  place  is  obviously  of  great  advantage.  Irrespective 
of  the  movement  of  the  cihated  larvae,  selective  migration  of  the 
adults  largely  makes  for  the  welfare  of  the  Crinoidea.     Granting  that 
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such  ability  was  possessed  by  many  of  the  Crinoidea,  as  we  may  well 
be  safe  in  assuming,  there  are  a  number  of  reasons  for  such  migration. 
The  most  obyious  reasons,  perhaps,  are  those  relating  to  the  better- 
ment of  physical  conditions  and  food  supply.  These  two  factors 
are  more  or  less  mutually  dependent,  naturally.  In  a  sea  lacking 
currents,  and  at  approximately  the  same  depth,  with  uniform  condi- 
tions of  sedimentation  there  would  be  little  choice  in  location.  Such 
uniform  conditions  seldom  if  ever  obtain,  however,  except  in  com- 
paratively restricted  areas.  The  contour  of  the  sea  bottom,  par- 
ticularly in  the  shallow  epicontinental  seas,  must  have  varied  some- 
what, making  certain  areas  more  suitable  for  the  crinoids  than 
others.  Far  more  important,  however,  are  the  eflFects  of  currents, 
the  presence  of  which  in  the  Paleozoic  seas  may  be  assumed  with  a 
considerable  degree  of  assurance.  These  currents  would  largely 
affect  the  food  supply,  and  the  Crinoidea  if  able  to  orient  themselves 
in  relation  to  such  currents,  might  obtain  optimum  food  conditions. 

It  is  quite  conceivable  that  the  cihated  larvae  may  not  have  settled 
at  a  locality  entirely  favorable  to  an  adult  crinoid.  Indeed,  the  spot 
most  suitable  for  the  needs  of  the  very  young  crinoid  might  well  be 
far  from  desirable  for  the  adult.  Again,  it  is  quite  possible  that 
during  even  the  short  life  of  a  crinoid,  conditions  might  so  change  as 
to  make  an  originally  favorable  area  l^ss  congenial.  Moreover,  in 
order  to  bring  about  a  wider  distribution  of  the  Crinoidea,  post-larval 
locomotion  would  be  a  factor  of  very  great  value.  The  importance 
of  a  wide  distribution  in  contributing  to  the  welfare  of  a  group  is  at 
once  apparent. 

Bearing  of  deta/ikment  on  distribution. — The  distribution  of  the 
Crinoidea  is  necessarily  effected  by  movement  of  the  animals  them- 
selves. The  change  of  location  takes  place  either  in  the  larval  or 
the  post-pentacrinoid  stages  of  development.  It  has  been  consid- 
ered hitherto  that  larval  dispersal  is  the  chief  factor  in  controlling 
distribution.  As  indicated  above  we  have  a  great  deal  of  evidence 
going  to  prove  that  an  eleutherozoic  habit  is  largely  maintained  by 
the  adult  crinoids.  It  is  here  held  that  this  post-larval  freedom  is  of 
considerable  importance  in  supplementing  the  activity  of  the  mero- 
planktonic  larvce.  The  facts  of  crinoid  distribution,  and  particularly 
of  their  segregation,  ai^es  strongly  for  considerable  post-larval 
shifting  among  the  Crinoidea.  These  topics,  as  elsewhere  noted, 
will  be  discussed  at  length  in  a  future  paper. 

Bearing  of  detadhment  on  struggle  for  existent. — ^A  prime  reason  for 
the  maintenance  and  further  perfection  of  eleutherozoic  conditions 
not  only  among  the  Pelmatozoa,  but  among  the  Echinoderma  in 
general,  is  in  order  to  escape  the  intense  struggle  for  existence  that 
obtains  in  the  crowded  colonies  of  the  bottom.  The  ciliated  larvae 
are  probably  of  far  less  importance  as  effecting  distribution  among 
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the  Echinoderms  than  is  generally  assumed,  as  is  evidenced  by  the 
great  numbers  of  pentacrinoid  larvsB  that  are  to  be  foimd  in  imme- 
diate proximity  to  the  adults.  Indeed,  it  has  frequently  been 
observed  that  these  larvae  are  attached  to  the  arms  and  cirri  of  the 
mature  crinoids. 

Those  types  that  have  assumed  a  pelagic  habit,  such  as  Uintacrinua 
and  Marsupites  express  the  highest  degree  of  specialization  known 
among  the  Pelmatozoa,  in  search  of  easy  conditions  of  existence. 
Among  all  the  Echinoderma  they  may  be  noted  as  having  most 
nearly  reached  optimum  conditions  of  life,  so  far  as  the  struggle  for 
existence  is  concerned.  As  has  been  pointed  out  by  Brooks  (1899), 
pelagic  life  is  the  easiest  of  all  types  of  existence.  The  life  of  such 
epi-plankton  as  Pentacrinus  is  far  less  favorable  in  that  many  indi- 
viduals may  cling  to  one  bit  of  floating  wood  and  thus  materially  cut 
one  another's  food  supply. 

Causes  for  reoMachment  of  Pdmatoeoa. — Despite  the  advantages  of  a 
detached  mode  of  life  we  have  considerable  evidence  showing  that 
re-fixation  frequently  becomes  effective  subsequent  to  a  period  of 
freedom.  Indeed,  it  seems  highly  probable  that  seldom  if  ever  has 
a  crinoid  passed  its  entire  life  rooted  to  one  spot.  The  reasons  for 
the  nonmaintenance  of  an  eleutherozoic  habit  by  many  crinoids 
where  disruption  of  the  column  has  been  caused  by  physical  agency, 
is  probably  due  in  large  part  to  the  fact  that  in  these  organisms  the 
tendency  toward  fixation  is  still  a  potent  force.  It  must  be  remem- 
bered that  even  in  the  detached  forms  no  great  activity  is  main- 
tained by  the  Crinoidea.  Carpenter  states  that  among  the  Comatulae, 
for  instance,  the  crinoids  do  not  swim  about  actively  except  at  the 
periods  of  reproduction.  Again,  it  may  well  be  that  only  those 
forms  maintain  an  eleutherozoic  type  of  existence  which  from  their 
structure  are  capable  of  effecting  a  fair  degree  of  movement.  This 
may  either  be  brought  about  through  the  acquisition  of  some  buoyant 
structures  or  suitable  modification  of  the  arms  to  enable  them  to 
function  as  swimming  or  ambulatory  appendages.  In  most  cases  it 
would  seem  that  the  nature  of  the  arms  is  the  determining  factor  as 
regards  the  maintenance  of  such  an  existence.  Were  crinoids  to 
become  detached  that  are  but  poorly  equipped  to  live  as  eleutherozoic 
types,  what  is  more  natural  than  that  they  should  again  become 
affixed? 

Evidences  of  the  dssumytion  of  a  detacked  existence. — Naturally,  the 
most  obvious  indication  of  the  maintenance  of  an  eleutherozoic  exist- 
ence by  a  crinoid,  is  the  lack  of  a  column  or  pedicle.  As  has  been 
shown  above,  however,  a  number  of  stalked  forms  were  quite  as  free 
in  their  habits  as  some  of  the  non-stalked.  In  such  cases  one  gen- 
erally finds  a  tapering  stem,  usually  looped  at  the  end  and  unprovided 
with  roots  or  a  terminal  plate  for  attachment.    A  column  provided 
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with  cirri  throughout  the  greater  part  of  its  length,  especially  if  these 
be  equipped  with  terminal  claws,  such  as  is  shown  on  Plate  4,  figure 
2,  is  an  equally  good  indication  that  the  animal  is  free-swimming  for 
a  greater  or  less  part  of  its  existence.  Among  the  prostrate  Cystidca 
and  Blastoidea,  which  crawled  along  the  bottom,  an  eleutherozoic 
form  of  existence  is  clearly  indicated  by  the  marked  modifications  to 
be  observed  in  the  structure  of  the  theca.  These  modifications  have 
been  discussed  at  length  under  such  genera  as  EleutJierocrinus,  Pleuro- 
cystis,  and  Anomalocystis. 

Aside  from  such  obvious  signs  of  the  maintenance  of  an  eleuthero- 
zoic habit  there  are  many  more,  the  significance  of  which  may  only 
be  appreciated  when  considered  in  the  light  of  structures  brought 
about  through  such  a  type  of  life.  Inasmuch  as  semi-detached  con- 
ditions so  largely  obtain  among  the  Pelmatozoa,  it  is  evident  that 
throughout  the  Grade  we  have  to  deal  with  these  modifications.  It 
is  only  when  organs  become  highly  specialized  and  obviously  adapted 
to  eleutherozoic  conditions  that  we  feel  safe  in  assigning  such  an 
origin  to  them,  however. 

The  sporadic  deviations  and  the  earUer  variations  from  the  stato- 
zoic  stock  have  characters  more  or  less  peculiar  to  themselves.  It 
should  be  remembered  that. these  types  possessed  no  long  ancestral 
lines  that  as  Pelmatozoa  had  assumed  a  detached  existence.  As  a 
result,  there  had  come  to  be  no  special  modifications  fitting  the 
forms  for  such  an  existence.  These  earlier  types,  therefore,  are  char- 
acterized by  the  absence  of  special  organs  such  as  cirri.  Instead,  it 
seems  that  they  as  a  rule  had  not  yet  lost  the  semi-prehensile  columns 
of  their  ancestors,  and  could  upon  occasion  attach  themselves  by 
coiling  the  distal  portion  of  their  tapering  columns  about  some 
stationary  object. 

Gradually,  as  an  eleutherozoic  existence  was  more  universally 
assumed^  and  was  perpetuated  generation  after  generation,  modifi- 
catiojQS  of  structure  became  manifest.  Movement  probably  never 
was  rapid  or  continuous  for  any  proloxiged  period  of  time.  As  a 
result,  in  most  forms  we  may  look  for  but  slight  modification  in  the 
theca  of  the  crinoid.  Where  modifications  became  most  effective 
were  in  the  arms  and  column. 

Effect  of  a  detached  mode  of  life  on  the  column. — ^The  modifications 
which  one  would  expect  to  find  in  the  case  of  the  column  are  of  a 
twofold  nature.  In  the  first  place  the  length  of  the  colunm  would 
be  affected,  and  in  the  second  structures  capable  of  balancing  and 
temporarily  holding  the  animals  would  be  perfected.  As  is  well 
known,  crinoid  colunms  are  prevailingly  short — at  times  surprisingly 
so.  To  attribute  this  shortness  of  column  to  an  eleutherozoic  habit 
would  be  presumptous,  for  it  is  obviously  incapable  of  demonstration. 
That  such  a  type  of  life  may  have  been  of  considerable  importance  in 
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biingiBg  about  conditions  as  we  know  them,  or  in  preventing  any 
considerable  increase  in  the  lexigth  of  the  columns,  seems  a  reasonable 
supposition,  however. 

Bather  XI 900)  believes  that  the  assumption  of  a  detached  existence 
by  the  Pelmatozoa  results  in  a  marked  abbreviation  of  the  column, 
drawing  this  inference  from  the  facts  as  we  know  them  in  the  case  of 
MiUericrimts  prattii.  It  is  not  evident  that  this  case  may  be  assumed 
to  be  typical.  An  eleutherozoic  habit  in  the  majority  of  cases  prob- 
ably did  not  result  in-  a  marked  shortening  of  the  column.  Indeed, 
the  longest  columns  reported  are  those  of  the  fossil  Pentacrinus 
which  occurred  in  types  which  probably  were  not  attached.  The 
columns  of  crinoids  have  at  no  time  been  of  great  length,  and  it  may 
well  be  that  the  widespread  maixxtexiance  of  an  eleutherozoic  habit  as 
here  assumed  may  have  had  much  to  do  with  keeping  the  columns 
within  moderate  bounds.  It  is  probable  only  in  special  cases  where 
other  factors  enter  into  the  question  that  we  have  an  appreciable 
abbreviation  of  the  stems. 

A  fairly  long  column  would  be  of  considerable  advantage  to  a 
crinoid  whether  free  or  attached.  Of  course  in  the  case  of  complete 
separation  of  the  crown  from  the  column  these  advantages  are  more 
than  compensated  for  by  the  additional  degree  of  freedom.  In  the 
case  of  stalked  forms  however,  a  moderately  long  stem  would  serve  as 
ballast  either  with  or  without  a  terminal  weight  and  give  the  crinoid 
a  certain  degree  of  stability  while  at  rest.  The  advantage  of  this  is 
at  once  apparent.  It  is  apparently  necessary  for  crinoids  at  times  to 
be  stationary.  The  instances  of  comatulids  dying  in  a  bowl  of  water 
wherein  there  were  no  pebbles  or  other  objects  to  which  they  might 
attach  themselves  is  well  known.  Other  specimens  similarly  placed 
but  with  objects  to  which  they  might  attach  placed  in  the  bottom  of 
the  bowl  Uve  for  some  time.  Again,  moderately  long  colunms  would 
be  of  advantage  as  keeping  the  crinoids  well  above  the  sea  bottom. 
The  advantages  of  this  are  obvious  both  to  the  axiimals  themselves 
and  to  the  young  of  the  colony.  The  impossibility  of  the  young 
finding  a  foothold  in  a  colony  of  well  grown  Comatulae  has  well  been 
stated  by  Clark  (1909,  a). 

The  formation  of  prehensive  cirri  may  directly  be  attributed  to 
the  maintenance  of  an  eleutherozoic  existence,  however.  Wherever 
found,  there  we  may  postulate  free-living  crinoids.  It  is  evident 
that  in  the  case  of  purely  statozoic  forms  nothing  could  be  more 
useless  than  appendages  designed  for  holding  to  extraneous  objects. 
In  earUer  times  the  cirri  were  comparatively  simple,  but  so  specialized 
have  they  since  become  that  isolated  cirri  of  certain  PentacrinidsR 
and  comatulids  can  be  distinguished  with  difficulty.  Even  the 
terminal  claw  has  been  developed  in  the  stalked  forms  (PL  4,  fig.  2). 
The  function  of  these  cirri  has  been  primarily  no  doubt  that  of 
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temporarily  anchoring  the  crinoid.  It  was  suggested  by  de  Loriol 
(1878,  p.  12)  that  the  cirri  were  used  as  organs  of  locomotion,  a  sup- 
position that  may  in  part  be  right,  as  is  elsewhere  indicated.  The 
development  of  these  cirri  even  in  Paleozoic  times  is  most  note- 
worthy. For  example,  in  Cordylocrinus,  and  particularly  in  a  new 
Camerate  genus  from  the  Hamilton  a  most  extraordinary  develop- 
ment of  cirri  is  to  be  noted.  In  some  cases  these  cirri  reach  from 
well  down  on  the  column  to  considerably  above  the  tips  of  the  arms, 
the  total  length  being  two  to  three  times  the  total  height  of  the 
crown.  In  both  of  these  genera,  and  particularly  ia  Cordylocrinus j 
the  crown  is  frequently  so  completely  covered  by  cirri  as  scarcely  to 
be  visible.  As  has  been  noted  under  Cordylocrinus j  the  columns  are 
remarkably  short,  measuring  but  a  few  inches  in  length,  and  show  no 
signs  of  permanent  fixation. 

In  connection  with  the  formation  of  cirri  as  induced  by  an  eleu- 
therozoic  habit  should  be  recalled  the  grapnel  of  ATicyrocrinus,  the 
float  of  Scyphocrinus,  and  the  distal  knobs  of  certain  Devonian 
Camerata.  The  float  of  Scyphocrinus  is  xmique  and  is  a  type  of 
modification  scarcely  to  be  looked  for.  The  distal  excrescences,  and 
the  grapnel  of  Ancyrocrinv^  are  obviously  for  the  purpose  of  bal- 
ancing the  crinoids,  as  no  doubt  is  the  fused  distal  portion  of  the 
Lepadocrinus  column. 

It  is  a  noteworthy  fact  that  among  the  Crinoidea,  especially  in 
the  later  forms,  the  stem  is  frequently  lost,  or  but  a  renmant  of  it 
remains.  Among  the  Cystidea  this  is  never  the  case.  The  reason  for 
.  this  is  obvious.  In  the  latter  group  the  column  has  not  become  so 
highly  differentiated  an  organ  as  among  the  Crinoidea  and  Blastoidea. 
It  still  contained  a  portion  of  the  visceral  mass,  in  all  probability, 
and  could  not  readily  be  shed.  Again,  the  stem  had  not  become  so 
highly  specialized  for  purposes  of  attachment  that  it  could  not  be 
modified  so  as  be  made  a  useful  adjunct  in  the  propulsion  of  the 
animal. 

Effect  of  a  detached  mode  of  life  on  the  arms. — ^The  tendency  toward 
more  perfect  freedom — that  is,  toward  directed  movement — would  of 
necessity  find  expression  in  a  strengthening  of  the  arms  and  their 
more  perfect  adaptation  as  swimming  organs.  Concomitant  with 
such  modification  and  induced  by  the  mechanical  influence  of  the 
arm-action  may  be  noted  a  modification  of  the  tegmen,  both  as  to 
composition  and  orientation.  These  features  are  of  indifferent 
value  in  many  cases,  no  doubt,  owing  to  the  variable  degree  iq  which 
freedom  was  assumed,  probably  even  within  a  closely  circumscribed 
group.  Under  such  circumstances  the  influence  of  a  given  type  of 
life,  held  for  short  or  variable  periods,  has  to  contend  with  cumu- 
lative tendencies  induced  by  a  diametrically  opposed  form  of  life  held 
for  the  greater  part  of  the  lives  of  the  conmion  stock.    Moreover, 
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there  are  opposed  tendencies  apparently  inherent  in  the  strain, 
such  as  the  assumption  of  a  heavily  plated  tegmen  by  the  Camerata, 
the  cause  for  which  may  be  far  to  seek  and  which  of  necessity  may 
never  definitely  be  determined.  The  modifications  of  the  arms 
proper  which  would  be  of  value  in  an  eleutherozoic  existence  are 
on  the  other  hand  not  incompatible  with  their  functions  as  organs 
of  purely  statazoic  forms. 

The  brachial  appendages  of  the  Pelmatozoa  subserve  two  vital 
functions — the  gathering  of  food  and  the  bearing  of  sperm  or  ova. 
Obviously;  the  greater  the  surface  area  exposed  by  the  arms  of  a 
crinoid,  the  more  perfectly  will  they  fulfill  their  mission.  In  order 
adequately  to  extend  this  surface  area,  a  musculature  of  sufficient 
strength  and  complexity  to  spread  and  close  the  rami  is  essential. 
The  arm  area  is  increased  chiefly  by  bifurcation  of  the  rami  and -by 
pinnules.  Increase  of  arm  area,  unless  carried  to  excess,  as  in  certain 
AcHnometraj  is  of  positive  value  in  locomotion,  as  offering  a  greater 
surface  for  catching  the  water.  The  modifications  of  the  muscula- 
ture to  adapt  it  the  more  perfectly  to  function  as  a  motor  system 
would  be  simply  an  increase  in  the  complexity  of  the  system  already 
possessed.  So  it  may  be  assumed  that  while  the  modifications  of  the 
arms  tend  to  be  mutually  strengthened,  the  tendencies  in  the  modi- 
fications of  the  vault  and  theca  in  general  may  work  at  cross  pur- 
poses in  forms  having  variable  statozoic  and  eleutherozoic  ancestry. 

Up  to  a  certain  limit,  as  before  noted,  an  increase  in  the  arm  area 
of  a  crinoid  would  prove  of  advantage  in  perfecting  these  appendages 
as  swimming  organs.  A  similar  result  might  be  even  more  effectively 
brought  about  by  the  broadening  of  the  rami  themselves.  Such 
broadening  is  to  be  noted  in  the  genus  Eretmocrinus,  the  remarkable 
paddle-shaped  arms  of  which  are  so  well  known.  A  quite  similar 
broadening  of  the  rami  is  to  be  found  in  Aorocrinus,  Codocrinus,  and 
DorycrinuSj  although  such  structures  have  apparently  not  hitherto 
been  noted  in  the  case  of  these  genera.  This  remarkable  broadening 
of  the  rami  may  be  explained  on  other  grounds — as,  for  example, 
giving  greater  food-catching  area.  The  same  result  could  be  more 
expeditiously  and  advantageously  attained  by  a  sUght  lengthening 
of  the  pinnulaB,  or  by  bifurcation  of  the  arms  such  as  is  conunon 
among  closely  related  genera.  The  beautiful  adaptation  of  these 
arms  to  swimming  conditions  is  at  once  apparent,  and  it  does  not 
seem  highly  improbable  that  such  was  an  important  part  of  their 
functions.  Again,  we  have  the  hooks  on  the  pinnulae  of  Cactocrinus 
(PI.  5,  figs.  4,  5)  which  hold  the  pinnulae  together  much  after  the 
fashion  in  which  the  barbs  of  a  feather  are  joined.  So  fastened 
together,  the  pinnulae  might  well  have  offered  a  most  effective  sur- 
face for  catching  the  water  in  swimming. 
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If  we  concede  a  general  participation  of  the  Crinoidea  in  an  eleu- 
therozoic  existence,  it  will  be  well  to  bear  the  fact  in  mind,  as 
affecting  the  type  of  arm-branching,  the  modification  of  articulations, 
and  the  general  structure  of  the  arms.  We  know,  for  instance,  that  in 
at  least  two  species  of  Mariacrinua  there  is  little  or  no  ground  for  the 
supposition  of  an  attached  existence.  May  we  not  then  legitimately 
wonder  if  the  curious  arm  modifications  of  the  Melocrinidse,  the 
atrophy  of  the  outer  and  the  hypertrophy  and  fusion  of  the  inner 
rand,  is  not  perhaps  due  to  the  assumption  of  an  eleutherozoic  exist- 
ence by  the  stock?  We  may  not  expect  identical  or  even  similar 
modifications  of  arm-structure  in  di£Perent  lines,  for  that  is  not  the 
way  of  cnnoids.  We  may  expect,  and  we  do  find,  if  we  look  for 
them,  modifications  peculiar  to  the  several  lines,  but  all  tending  to 
the  solution  of  the  same  problem.  So  it  is  with  other  crinoid 
structures. 

Effect  of  an  eleutherozoic  existence  on  the  symmetry  of  the  Pehrvar 
tozoa. — The  assumption  of  a  completely  detached  form  of  life  by  cer- 
tain Pelmatozoa  gives  one  an  excellent  chance  to  study  the  effect  of 
free  movement  upon  a  type  whose  radial  symmetry  has  been  impressed 
upon  it  by  countless  generations  of  statozoic  ancestors.  We  have 
been  assured  by  A.  H.  Clark  (1909,  p.  685)  that  radial  symmetry 
does  not  depend  upon  a  sessile  ancestry.  The  octopus  cited  as  an 
example  to  prove  this  assertion  scarcely  tends  to  confirm  Clark's 
statement,  however.  The  amount  of  modification  resultant  upon 
the  change  from  a  fixed  to  a  free  existence  depends  entirely  upon  the 
type  of  locomotion  adopted.  In  the  case  of  a  crinoid,  with  its  five 
equal  rays,  the  changes  in  symmetry  are  not  of  great  magnitude  and 
probably  were  brought  about  but  slowly.  The  exocyclic  disks  of 
Uintacrinus  and  Actinom^tra  are  perhaps  directly  to  be  attributed 
to  a  free-swimming  Ufe.  As  opposed  to  the  for  the  most  part 
freely  swimming  Crinoidea,  we  have  to  consider  the  crawling 
Eletj^herocrinus  and  Zygocrinus.  Here  the  changes,  as  pointed  out 
in  the  discussion  of  the  genera,  are  far  reaching  in  their  effect  upon 
the  structure  of  the  animal.  The  amount  of  modification  seems  to 
vary  directly  as  the  amount  of  friction  applied  to  the  body  of  the 
animal  while  in  motion.  The  body  propelled  by  its  appendages 
through  a  uniform  medium,  suffers  little  change,  but  given  a  drag 
on  the  body,  as  exacted  by  movement  along  the  bottom,  and  we  have 
results  expressed  in  no  uncertain  terms.  Naturally,  to  be  effective, 
movement  must  take  place  in  a  given  direction,  as  far  as  the  orienta- 
tion of  the  animal  is  concerned. 

Effect  of  a  detached  mode  of  life  on  the  distribution  of  the  PelnuUozoa. — 
The  almost  universal  assumption  of  freedom  by  the  Pelmatozoa  can 
not  have  other  than  a  most  marked  effect  upon  the  distribution  of  the 
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organisms.  Even  more  important  is  the  bearing  such  eleutherozoic 
conditions  have  on  the  minor  movements  of  the  animals,  as  evidenced 
by  their  segregation.  It  seems  highly  probable  that  the  characteristic 
colonial  habit  assumed  by  the  Pelmatozoa  is  due  in  large  part  to  the 
selective  migration  of  the  echinoderms  in  their  post-larval  stages  of 
development.  This  is  a  highly  important  topic  and  one  that  will  be 
discussed  at  length  in  a  subsequent  paper. 

Types  of  life  led  by  the  eUutherozGic  Pelmatozoa. — ^A  comparative 
study  of  eleutherozoic  Pelmatozoa  as  regards  their  mode  of  life 
consequent  upon  the  assumption  of  this  form  of  existence  is  one  of 
considerable  interest.  For  purposes  of  convenience  we  may  recog- 
nize three  groups  of  eleutherozoic  Pelmatozoa — those  forms  that 
constantly  remain  upon  the  bottom;  those  that  are  capable  of 
swimming,  but  either  temporarily  attach  themselves  to  the  bottom 
or  crawl;  and,  finally,  those  forms  that  are  truly  pelagic. 

All  of  the  stalked  Pelmatozoa,  with  the  exception  of  Scyphocrinua 
and  certain  Pentacrintis,  may  be  held  as  vagile  benthos.*  Among 
these  benthos  an  erect  position  is  almost  universally  maintained. 
The  only  known  exceptions  are  to  be  found  among  the  Cystidea  as 
evidenced  by  such  types  as  Pleurocystis  and  Anomalocystis.  Among 
those  forms  where  the  stem  has  been  entirely  eliminated  or  but  a  few 
ossicles  remain,  movement  is  effected  either  by  swimming  or  by 
crawling  upon  the  bottom  in  an  inverted  position.  Among  the  swim- 
ming types  are  to  be  found  the  most  highly  specialized  eleutherozoic 
Crinoidea,  such  as  Uintdcrinus.  These  may  be  held  as  true  plankton 
in  their  adult  stages,  inasmuch  as  they  constantly  maintain  a  pelagic 
existence  by  virtue  of  their  own  swimming  movements. 

It  may  safely  be  assumed  that  the  stalked  eleutherozoic  Crinoidea 
spent  but  a  small  part  of  their  time  in  motion.  Having  reached  a 
favorable  spot  the  natural  tendency  would  be  to  remain  there.  It 
may  be  argued  that  under  these  conditions  permanent  fixation  would 
become  a  necessity.  This  does  not  follow,  however.  In  the  case  of 
cirriferous  individuals  temporary  fixation  is  no  doubt  assumed  by  the 
clasping  of  some  projection  on  the  sea  bottom  with  the  cirri.  Those 
forms  with  prehensile  colunms  could  loop  the  distal  portion  of  the 
column  about  some  stationary  object.  Ancyrocrirvas,  with  its  grap- 
nel, might  anchor  almost  anywhere.  That  even  such  types  of  fixation 
were  unnecessary  seems  to  be  indicated  by  those  columns  above 
mentioned  in  which  the  distal  extremity  is  simply  rounded  off  into  a 
knob,  and  no  cirri  are  present.  Such  a  knob  might,  indeed,  be  held  as 
a  sort  of  balancing  organ,  but  when  we  consider  the  comparatively 
small  size  of  the  knob,  and  its  lightness,  compared  with  the  size  and 
weight  of  the  column,  this  ailment  loses  its  force.  It  seems  prob- 
able tJiat  the  weight  of  the  colunm  alone  was  sufficient  ballast  for  the 
crinoid,  and  that  in  the  comparatively  untroubled  waters  at  the  sea 
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bottom  a  position  once  assumed  would  be  maintained  unless  altered 
by  definite  swimming  movements  of  the  crinoid.  Slight  adjustments 
of  position  might  at  any  time  be  secured  by  motion  of  the  arms,  or  of 
the  cirri,  where  such  were  present. 

It  has  been  suggested  by  Carpenter  that  the  comatulids  seldom 
move  about  to  any  extent  except  during  the  breeding  season.  Clark 
(1909  a)  confines  the  free-swimming  period  of  multibrachiate  comatu- 
lids to  those  stages  in  which  a  ten-armed  condition  obtains.  During 
this  stage  the  young,  when  observed,  are  continually  swimming  about. 
When  the  multibrachiate  stage  is  assumed  they  are  incapable  of 
swimming  movement.  Whether  or  not  this  be  the  case  it  is  hard  to 
tell,  but  it  seems  likely  that,  in  these  forms  at  least,  the  adults  are 
incapable  of  any  considerable  activity.  This  prohibition  is  obviously 
dependent  upon  the  structure  of  the  arms.  This  is  of  such  a  nature 
as  to  render  any  considerable  motion  impossible.  It  is  conceivable, 
however,  that  the  crinoids  may  crawl  by  employing  the  distal  por- 
tions of  their  arms.  In  the  case  of  adult  detached  crinoids  as  a  whole 
there  seems  no  physical  disabiUty  in  most  cases  rendering  the  crinoids 
incapable  of  using  their  arms  as  swimming  organs.  It  seems  probable, 
however,  by  the  time  an  adult  stage  is  reached  that  the  crinoids  will 
have  found  a  favorable  environment  and  under  normal  conditions 
would  be  content  to  remain  there.  Detachment  from  the  bottom 
then  need  by  no  means  indicate  active  swimming  movements  on  the 
part  of  the  animals  involved.  Indeed,  among  the  stalked  detached 
forms  one  may  hold  that  the  type  of  life  led  is  essentially  statozoic. 
As  a  rule  advantage  is  taken  of  their  freedom  probably  only  during 
periods  of  sexual  activity. 

Eleviherozoic  conditions  <i8  indicative  of  progression  or  degeneracy 
among  the  Pehnaiozoa. — ^It  should  be  borne  in  mind  that  the  tendency 
toward  an  eleutherozoic  existence  among  the  crinoids  is  not  a  rever- 
sion, in  the  sense  of  indicating  a  loss  of  vigor  in  the  stock,  and  degen- 
eration. The  freedom  of  the  crinoid  is  rather  an  expression  of  a  higher 
degree  of  specialization  along  perfectly  natural  Unes.  The  discarding 
of  the  stem  after  a  long  period  of  attachment,  as  I  see  it,  is  a  sign  of 
strength  rather  than  weakness,  as  indicating  a  tendency  on  the  part 
of  the  oi^anisms  toward  the  elimination  of  semiuseless  structures  for 
the  attainment  of  a  type  of  life  more  beneficient  to  the  crinoids.  The 
fact  that  highly  specialized  eleutherozoic  conditions  do  not  more 
largely  obtain  among  the  Crinoidea  is  due  in  no  small  part  to  the  fact, 
as  has  elsewhere  been  pointed  out,  that  the  ft.nimala  in  the  main  are 
not  fitted  for  the  efficient  maintenance  of  this  type  of  existence. 

Among  the  Cystidea,  on  the  other  hand,  the  majority  of  the  free 
forms  may  be  considered  degenerate.  Indeed,  lack  of  fixation  among 
these  types  may  be  held  as  evidence  of  failure  on  their  part  to  acquire 
the  statozoic  habit  toward  which  they  were  aiming.    Such  a  case  is 


Digitized  by 


Google 


128  PROCEEDINGS  OF  THE  NATIONAL  MUSEUM.  vol.41. 

that  of  Pleurocystis,  Originally  descended  from  a  free  form,  a  stat- 
ozoic  existence  was  acquired,  which  was  maintained  long  enough  to 
impress  a  degree  of  radial  syjnmetry  upon  the  theca,  and  for  the 
acquisition  of  a  jointed  column.  In  the  decadence  of  the  stock  a 
prostrate  existence  was  gradually  assumed,  and  the  animals  crawled 
about,  dragging  an  all  but  useless  stem  behind  them.  Such  a  failure 
as  regards  the  majority  of  the  Cystidea  well  illustrates  the  fate  of  any 
major  tendency  becoming  effective  in  a  large  body  of  organisms. 
When  a  group  of  animals  tends  to  assume  a  decided  change  in  struc- 
ture and  habit  of  life,  the  tendency  becomes  effective  in  varying 
degrees  among  different  genetic  lines.  One  or  two  lines,  perhaps,  out 
of  the  whole  group  will  carry  the  innovation  through  successfully. 
The  other  members  equally  affected  by  the  tendency,  but  incapable 
of  pushing  it  to  a  successful  issue,  form  short-lived  lines  that  as  a  rule 
show  obvious  indications  of  degeneracy. 
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EXPLANATION  OF  PLATES. 

Plate  1. 

AristocystU  bohemicus  Barrande. 

Fig.  1.  Specimen  showing  base  of  attachment  and  a  side  apparently  smoothed  and 
somewhat  flattened  by  contact  with  some  extraneous  object.  From  Bar- 
rande, 1887.    (PL  10,  fig.  13.) 

2.  View  of  base,  enlarged,  showing  attachment  to  a  gastropod  shell  which  is 

almost  completely  overgrown.    From  Barrande,  1887.    (PL  10,  fig.  16.) 

3.  Opposite  side  of  the  same  specimen  showing  normal  convexity  and  sur&ce 

structure.    From  Barrande,  1887.    (PL  10,  fig.  13.) 

4.  Base  of  another  individual  showing  no  sign  of  attachment.    From  Barrande, 

1887.    (PL  10,  fig.  20.) 
6.  Lateral  view  of  a  specimen  which  was  completely  detached.    The  smoothing 
of  the  plates  in  the  upper  right-hand  portion  of  the  figure  indicates  contact 
with  some  object,  and  may  ix)int  to  the  maintenance  of  a  prostrate  exist- 
ence.   From  Barrande,  1887.    (PL  10,  fig.  21.) 

6.  Basal  view  of  the  same  specimen,  showing  rounded  character  of  base  and  total 

'absence  of  signs  of  attachment.    From  Barrande,  1887.    (PL  10,  fig.  22.) 

7.  Lower  portion  of  theca  of  an  individual  which  apparently  was  attached.    The 

smoothing  of  the  plates  on  one  side  is  quite  evident.  From  Barrande,  1887. 
(PI.  10,  fig.  29.) 

8.  The  base  of  the  same  specimen,  showing  basal  depression.    It  is  to  be  noted 

that  the  area  of  attachment  is  somewhat  excentric  in  position  and  that  the 
smoothing  of  the  plates  may  be  attributed  to  contact  with  the  object  to 
which  attachment  was  had.    From  Barrande,  1887.    (PL  10,  fig.  30.) 

9.  View  of  a  very  lai^e,  incomplete  individual.    The  area  of  attachment  is  very 

large  but  not  sharply  defined.  It  is  probable  that  in  this  case  detachment 
was  had  late  in  the  life  of  the  organism.  From  Barrande,  1887.  (PL  10, 
fig.  23.) 

10.  Basal  view  of  the  same,  showing  lateral  position  of  the  area  of  attachment. 

From  Barrande,  1887.    (PL  10,  fig.  24.) 

Echinosphasra  aurantium  (Gyllenhahl). 

11.  Lateral  view  of  theca,  showing  highly  excentric  location  of  the  minute  pro- 

tuberance that  served  as  the  point  of  attachment.  From  Jaekel,  1899. 
(PL  8,  fig.  5.) 

Plate  2. 

Cheirocrintu  penniger  Eichwald. 

Fig.  1.  View  of  antanal  side  with  ramules  restored.    From  Jaekel,  1899.  '  (PL  11, 

fig.l.) 
2.  View  of  anal  side  of  the  same  specimen.    The  slight  flattening  of  the  theca 
and  the  great  development  of  the  anal  area  are  especially  to  be  noted. 
From  Jaekel,  1899.    (PL  11,  fig.  2.) 
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Erinocystig  volborthi  Jaekel. 

Fig.  3.  Basal  view  of  an  individual,  showing  the  marked  flattening  of  one  side  and 
the  carrying  outward  and  backward  of  the  anal  opening.  From  Jaekel, 
1899.    (PI.  13,  fig.  6a.) 

PUurocystis  filitextus  Billings. 
(See  also  Plate  3,  fig.  3.) 

4.  Anal  (lower)  side,  somewhat  enlaiged.    Adapt>ed  from  Jaekel,  1899.    (PI.  12, 

fig.  5.) 

ArachnocystiB  infaustus  (Barrande). 

5.  A  specimen  with  the  stem  essentially  complete.    From  Barrande,   1887. 

(PI.  25,  fig.  7.) 

6.  A  portion  of  the  colunm  enlarged.    From  Barrande,  1887.    (PL  25,  fig.  8.) 

Maarocystella  maria  Callaway. 

7.  Reconstruction  of  crown  and  stem  by  Bather.    From  Bather,  1900.    (Text 

fig.  18,  p.  56.) 

EcMncsncrintu  angtUosus  (Pander). 

8.  Specimen  showing  flattening  of  the  lower  side  of  the  theca,  the  posterior  loca- 

tion of  the  anal  opening,  and  the  nature  of  the  column.    From  Jaekel, 

1899.  (PI.  13,  fig.  18.) 

Erinoofstis  angulaia  Jaekel. 

9.  Specimen  showing  the  extreme  outward  and  backward  location  of  the  anal 

opening.    From  Jaekel,  1899.    (PI.  13,  fig.  16a.) 

Plate  3. 

Placocystii  forhesianus  de  Koninck. 

Fig.  1.  Convex  upper  (dorsal)  surface  of  theca  with  a  portion  of  the  coliimn.  After 
Bather,  1900.    (Text  fig.  13,  1,  p.  51.) 

2.  Flattened  lower  (ventral)  surface  showing  adoral  appendages  (^'spines"). 

After  Bather,  1900.    (Text  fig.  13,  2,  p.  51.) 

PlewrocysUs  filitextut  Billings. 
(See  also  Plate  2,  fig.  4.) 

3.  Specimen  preserving  a  portion  of  the  brachioles  and  an  essentially  complete 

column.    Original  in  the  collection  of  the  University  of  Chicago. 

Trochocystis  hohemicu»  Baimnde. 

4.  The  terminal  adoral  hinged  plate,  approximately    X  2.    From  Banande, 

1887.     (PI.  3,  fig.  22.) 

5.  A  complete  column  of  this  species,  approximately  X  2^.    From  Barrande, 

1887.    (PI.  3,  fig.  17.) 

Mitroq/sHs  mitra  Barrande. 

6.  Lower  (vential)  surfoce  of  theca  with  appended  column.    From  Bather, 

1900.  (Text  fig.  12,  1,  p.  50.)    After  Banande. 

7.  Convex  upper  (dorsal)  surface.    From  Bather,  1900.    (Text  fig.  12,  2,  p.  50.) 

After  Banande. 

8.  Inner  surface  of  adoral  portion  of  upper  thecal  wall,  showing  longitudinal 

corrugations  on  the  central  terminal  plate.    From  Bather,  1900.    (Text 
fig.  12,  3,  p.  50.)    After  Barrande. 
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Anomalocystis  disparHis  Hall. 

Fig.  9.  Adocal  (anterior)  view  of  theca,  showing  terminal  aperture  and  sockets  for 
the  articulation  of  the  spines.  Original  in  the  United  States  National  Mu- 
seunif  catalogue  number  33661. 

10.  Lateral  view  of  the  same  specimen. 

11.  Abornl  view  of  the  same  individual  showing  deep,  socket^like  depression 

for  the  reception  of  the  stem. 

PtiLTB4. 

Jboerimu  madearanus  W3rsdlle  Thomson. 

Fig.  1.  A  complete  individual,  showing  the  extreme  brevity  of  the  column,  approxi- 
mately X  1.    From  Carpenter,  1884.    (PL  16,  fig.  1.) 

IaocrimL8  decorus  Wyville  Thomson. 

2.  A  very  young  specimen  with  a  practically  complete  colunm,  approximately 

X  2.    From  Carpenter,  1884.    (PL  35,  fig.  1.) 

Woodoainus  macrodactylta  de  Koninck. 

3.  A  complete  individual,  showing  the  tapering  column  with  no  evidence  of 

structure  for  permanent  fixation,  approximately  X  L    From  Zittel,  1896. 
(Text  fig.  265,  p.  159.)    After  de  Eoninck. 

Plate  5. 

Pentaennua  (ExtracriniLa)  ooUenoH  de  LorioL 

Fig.  1.  A  p(»rti(Hi  of  the  dirus,  enlarged.  After  de  Loriol,  1884-1889.  (PL  198, 
^.  lb.) 

2.  The  distal  ossicles  of  a  cirrus,  showing  the  terminal  claw.    After  de  Loriol, 

1884-1889.    (PL  198,  fig.  lA.) 

3.  Articular  face  of  a  cirrus  ossicle.    After  de  Loriol,  1884-1889.    (PL  196, 

fig.  Id.) 

Caetocrintu  proboscidialis  (Hall). 

4.  Portion  of  three  juxtaposed  pinnules  enlarged,  showing  close  union  effected 

by  overlapping  of  the  lateral  processes  on  adjacent  pinnules.    After  Wach- 
smuth  and  Springer,  1897.    (PL  58,  fig.  7c.) 
6.  A  single  pinnule  ossicle  greatly  enlarged,  showing  the  nature  and  relation  of 
the  lateral  spinous  process  to  the  ossicle. 

Lepadoainua  gehhardi  (Conrad). 

6.  Portion  of  the  column,  showing  discrete,  articulated  ossicles  above,  and  the 

consolidated,  terminal  portion  below.    After  Hall,  1859.    (PL  7,  fig.  5.) 

7.  Terminal  fused  portion  of  the  column  of  another  individual,  showing  a  pustu- 

lose  surface.    After  Hall,  1859.    (PL  7,  fig.  16.) 

Braddocrinus  nodoBarius  Hall. 

8.  Distal  portion  of  the  column,  showing  its  termination  in  a  knob.    Above  may 

be  noted  the  points  of  attachment  for  two  of  the  lateral  cirri.    X  2.    After 
HaU,1859.    (PI.  6,  fig.  2a.) 

Anqfrocrinus  bulhoatta  Hall. 

9.  Distal  portion  of  the  column  showing  the  grapnel,  the  fused  columnals,  and 
above,  some  of  the  unaltered  coltminals.  f^m  Bather,  1900.  (Text 
fig.  51,  p.  134.)    After  HaU. 
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Actinomeira  paucicirra  Bell. 

Fig.  10, 11, 12.  Specimens  showing  centro-doraals  from  which  all  cim  have  been 
lost.  The  variability  in  outline  of  the  centro-dorsals  is  interesting,  and 
shows  how  this  chaiacter  is  governed  by  the  contour  of  the  surrounding 
and  underlying  plates.    After  Carpenter,  1888.    (PL  54,  figs.  3,  5,  7.) 

Isocrinus  wyvUU-thomsoni  Jeffreys. 

13.  The  terminal  nodal  of  a  detached  individual  showing  how  the  columnal 
has  been  smoothed  and  rounded  off  by  a  secondary  deposit  of  stereom; 
approximately  X4.    From  Carpenter,  1884.    (PI.  22,  fig.  27.) 

Plate  6. 

Milleriarinus  prattii  (Gray). 

Fig.  1.  Individual  showing  practically  resorbed  stump  of  the  column  of  which  Grve 
columnals  have  been  retained.    After  Carpenter,  1882.    (PL  1,  fig.  13.) 

2.  Specimen  with  a  longer  column,  which  shows  signs  of  resorption  in  its  distal 

portion.    After  Carpenter,  1882.    (PL  1,  fig.  10.) 

3.  Individual  retaining  but  three  colimmals  and  showing  no  signs  of  resorption. 

After  Carpenter,  1882.    (PL  1,  fig.  3.) 

4.  Basal  view  of  another  specimen  the  colimm  of  which  is  represented  by  the 

"proximale"  and  a  single  largely  resorbed  columnal.    After  Carpenter, 
1882.    (PL  1,  fig.  2.) 

5.  View  of  the  distal  face  of  the  ''proximale, "  showing  its  insertion  within  the 

basal  circlet.    After  Carpenter,  1882.    (PL  1,  fig.  22.) 

6.  The  ''proximale"  and  surrounding  basals  of  an  individual  the  column  of 

which  has  otherwise  entirely  been  lost.    The  resemblance  of  this  "proxi- 
male"  to  a  centrale  is  apparent.    After  Carpenter,  1882.    (PL  1,  fig.  6.) 

ApioarintiS  raissyanus  d'Orbigny. 

7.  Specimen  showing  supemimierary  plates  comparable    to   those  found  in 

Milleriarinus  prattii  as  figured  on  this  plate.    After  de  Loriol,  1882-1884. 
(PL  43,  fig.  3a.) 

Apiocrinus  elegans  Defrance. 

8.  Specimen  showing  "intercalated"  plates  in  the  theca  similar  to  those  noted 

in  A,  roissyanua,  fig.  7.    After  de  Loriol,  1882-1884.    (PL  34,  fig.  4.) 

ActinoTnetra  nobilis  Carpenter. 

9, 10,  11 .  Basal  views  of  different  specimens  showing  loss  of  cirri  by  the  centro- 
dorsals,  and  the  partial  resorption  of  these  organs.  After  Carpenter,  1888. 
(PL  65,  figs.  3,  4,  5.) 

Pirate  7. 

Milleriarinus  ckarpyi  de  Loriol. 

Fig.  1.  A  specimen  showing  the  highly  differentiated  nature  of  the  proximal  columnal, 
to  which  three  of  the  basals  are  still  attached;  approximately  XI}-  After 
de  Loriol,  1882-1884.    (PL  100,  fig.  Ic.) 

Millericrinus  beaurrumti  d'Orbigny. 

2.  View  of  an  individual  showing  the  cup  and  proximal  columnal.  To  the 
right  and  below  is  a  view  of  the  inferior  face  of  the  proximal  columnal 
showing  the  petaloid  type  of  articulation.  After  de  Loriol,  1882-1884. 
(PL  90,  figs.  3,  3a.) 
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TkhUiericrinus  heberti  de  Loriol. 

Fig.  3.  Lateral  view  of  theca,  showing  great  development  of  the  proximal  columnal 
and  relative  insignificance  of  the  cup;  approximately  Xli.  After  de 
Loriol,  1884-1889.    (PI.  228,  fig.  2a.) 

TkioUieriainiis  Jlexuo9Us  Goldfuss. 

4.  View  of  theca  and  proximal  colimmal.  In  both  this  and  the  preceding  figure 
it  is  to  be  noted  that  in  the  cup  nothing  but  the  radials  appear  externally. 
The  appearance  of  irregularly  placed  cirri  borne  by  the  proximal  columnal 
is  likewise  of  interest;  approximately  Xl}.  After  de  Loriol,  1884-1889. 
(PI.  229,  fig.  26.) 

6.  Cup  from  below  showing  character  of  proximal  columnal,  and  its  type  of 
articulation;  X2.    After  Bather,  1900.    (Text  fig.  117,  1,  p.  195.) 

AnUdon  phalangium  (MtUler). 

6.  Very  early  pentacrinoid  stage,  X  20.    After  Carpenter,  1888.    (PI.  14,  ^.  1.) 

Antedon  tuberosa  Carpenter. 

7.  Later  pentacrinoid  stage  than  that  shown  in  figure  6;  X  12.    After  Carpenter, 

1888.    (PL  14,  fig.  9.) 

Antedon  multUpina  Carpenter. 

8.  9, 10.  Successive  stages  in  the  development  of  the  centro-dorsal  as  shown  by 

this  species;  all  X  12.    After  Carpenter,  1888.    (PI.  14,  figs.  5,  6,  7.) 

Antedon  sarni  Duben  and  Keren. 

11, 12.  Lateral  view  of  some  of  the  larval  columnals  of  this  species,  and  a  view  of 
the  articular  surface  of  one  of  the  columnals ;  much  enlarged .  After  Bather, 
1900.    (Text  fig.  49,  8,  9,  p.  132.)    After  Sars. 

Plate  8. 

Antedon  latidrra  Carpenter. 

Fig.  1,  2.  Two  views  of  the  centro-dorsal  of  this  species  showing  the  irregular  arrange- 
ment and  relatively  enormous  size  of  the  cirrus  sockets;  X  6.  After  Car- 
penter, 1880a.     (PI.  23,  figs.  66,  6c.) 

Antedon  {Solariocrwus)  scrobicukUa  Groldfuss. 

3.  Side  view  of  a  specimen  showing  highly  elongate  centro-dorsal.    After   Car- 

penter, 18806.     (PI.  10,  fig.  14.)    From  Goldfuss. 

4.  Inferior  aspect  of  dorsal  cup  showing  petaloid  type  of  articulation.    After  de 

Loriol,  1884-1889.    (PI.  214,  fig,  3c.) 

PentacrintLS  {Extracriniis)  dargniesi  Terquem  and  Jourdy. 

5.  Basal  view  of  a  specimen  from  which  the  stem  has  been  lost.    For  comparison 

with  figures  4  and  7;  approximately  X  3.    After  de  Loriol,  1884-1889. 
(PI.  210,  fig.  la.) 

Antedon  incerta  Carpenter. 

6.  A  cinnifl  of  this  species  to  show  the  high  degree  of  specialization  acquired  by 

these  organs.    Note  the  terminal  claw  and  the  spinous  processes  borne  by 
the  oaaiclee  to  perfect  the  appendages  as  grasping  organs. 
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AfUedon  depreasa  d'Orbigny. 

Fig.  7.  Baaal  vieiw  of  spedmea  bom  which  the  centro-doraal  has  been  removed; 
approximately  X  2.    After  de  Loriol,  1884-1889.    (PL  221,  fig.  la.) 
8.  Lateral  view  of  cup  to  which  the  centio-dozaal  is  attached;  X  3.    After  De 
Loriol,  1884-1889.    (PI.  221,  fig.  26.) 

Platb  9. 

Uintacrinus  socialis  Grimiell. 

Fig.    1.  Normal  base  of  ''Form  D''  with  unusually  large  centrale.    Aftei  Springer, 
1901.    (PL  2,  fig.  10.) 

2.  Normal  base  of  ''Form  D"  with  smaller  centrale.    After  Springer,  190L 

(PL  2,  fig.  12.) 

3.  Base  of  "Form  D  "  in  which  the  centrale  meets  the  basala  as  well  as  the  infra- 

basals,  and  is  decagonal  in  outline.    The  infrabasala  are  comparatively 
minute,  but  of  equal  size.    After  Springer,  1901.    (PL  2,  fig.  9.) 

4.  Base  of  "Form  D "  in  which  the  centrale  meets  three  of  the  basals.    Two  of 

the  infrabasals  are  much  smaller  than  the  other  three.    After  Springer,  1901. 
(PL  2,  fig.  18.) 

5.  A  varient  of  the  foregoing  in  which  the  centrale  has  fused  with  one  of  the  small 

infrabasals.    After  Springer,  1901.    (PL  2,  fig.  7.) 

6.  A  base  in  which  fusion  has  been  carried  still  further.    The  centrale  has  here 

fused  with  two  of  the  infrabasals.    After  Springer,  1901.    (PL  2,  fig.  6.) 

7.  A  base  in  which  in  addition  to  the  centrale  becoming  fused  with  two  of  the 

infrabasals,  fusion  has  taken  place  between  two  of  the  other  infmbasals. 
After  Springer,  1901.    (PL  2,  fig.  5.) 

8.  Base  in  which  fusion  has  taken  place  probably  between  the  centrale  and  two 

of  the  infrabasals  on  the  one  hand,  and  between  the  three  remaining  infra- 
basals on  the  other.    After  Springer,  1901.    (PL  2,  fig.  4.) 

9.  A  base  of  "Form  M"  in  which  fusion  has  been  effected  between  two  of  the 

basals.    After  Springer,  1901.    (PL  2,  fig.  14.) 

10.  Base  of  * '  Form  M  "  showing  centrale  of  nearly  minimum  size.    After  Springer, 

1901.    (PL  2,  ^,  2.) 

11.  Base  of ' '  Form  M ''  showing  centrale  of  maximum  size.    After  Springer,  1901. 

(PL  2,  fig.  1.) 

Megistocrinus  mgoms  Lyon  and  Casseday. 

12.  View  of  fused  basals,  surroimded  by  the  radials  and  proximal  anal.    It  is  to  be 

noted  that  the  fused  basals  form  a  regular  pentagon  with  straight  faces. 
After  Wachsmuth  and  Springer,  1897.    (PL  48,  fig.  6a.) 

Pirate  10. 

Saecocoma  tenella  Goldfuss. 

Fig.   1.  Si)ecimen  showing  cup  and  structure  of  arms.    R=radial;  Os=centrale;  X7. 
From  Bather,  1900.    (Text  fig.  68, 1,  p.  155.)    After  Jaekel. 

Sacooeofma  pectinata  Goldfuss. 

2.  Complete  individual  to  show  coiling  of  the  distal  portions  of  the  arms;  Xi. 

From  Bather,  1900.    (Text  fig.  68,  2,  p.  156.) 
8.  .Lateral  view  of  cup  and  proximal  arm  ossicles;  X2}.    R»radial.    From 

Bather,  1900.    (Text  fig.  68, 3,  p.  1£6.)    After  Zittel. 
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Jforsupites  testvdinoeriuB  Schlotheim. 

Fig.  4.  Lateral  view  of  cup.    Bssbaaal;   c«centiaie;   IB^infrabasal;   R^radial. 
From  Bather,  1900.    (Text  fig.  104,  1,  p.  185). 

Affastizoerintu  dactyliformis  Trooet. 

5.  Complete  individual  showing  cup  and  arms.    The  infrabasals  are  here  shown 

as  not  completely  consolidated.  From  Meek  and  Worthen,  1873.  (PI. 
21,  fig.  7a.)    After  Roemer. 

Eleutheroainus  easudayi  Shumard  and  Yandell. 

6,  7,  8.  Upper,  lower,  and  adoral  views  of  a  fairly  perfect  specimen;  X2.    From 

Whiteaves,  1889.    (PI.  14,  figs.  5,  5a,  56.) 

Tlate  U. 

Ednoerintu  dUpantut,  new  spedeB. 
Fig.   1.  Lateral  view. 

2.  View  from  above.    Original  in  ^e  collection  of  ^e  United  States  National 

Museum,  catalogue  number,  27757. 

Eudegierinus  mayalii  (Deslongchamps)  de  Loriol. 

3,  4,  5.  Three  greatly  enlarged  views  of  this  species.    The  d^;ree  of  magnifica- 

tion is  shown  by  the  small  figure  to  the  right  and  above  fig.  3.  Alter  de 
Loriol,  188^-«4.    (PI.  29,  figs.  1,  la,  16,  Ic.) 

Cfotylecriniu  doeeru  Deslongchamps. 

6,  7,  8.  Three  views  of  this  species,  from  below,  the  side,  and  above.  Attach- 
ment is  had  in  this  case  by  growth  of  the  base  over  a  crinoid  stem.  After 
de  Loriol,  188^1884.    (PI.  20,  figs.  1,  la,  16.) 

Edriocrinus  pyrtformis  Hall. 

9.  Side  view,  showing  cup  and  elongate  peduncle.  After  Hall,  1862.  (Text 
fig.  1,  p.  115.) 

HolopUB  rartgii  d'Orbigny. 

10.  Complete  individual,  sli^tly  enlarged.    After  Carpenter,  1884.    (PI.  2.) 

Liehenoidea  priscua  Barrande. 

11.  Basal  view  of  a  specimen  showing  entire  absence  of  column  attachment. 

After  Barrande,  1887.    (PI.  1,  fig.  21.) 

Protoerintu  oviformis  Volborth. 

12.  Basal  view  of  specimen  showing  point  for  attachment  of  the  stem.    It  is  to 

be  noted  that  the  proximal  circlet  consists  of  four  plates.  After  Bather, 
1900.    (Text  fig.  45,  2,  p.  75.)    After  Volborth. 

13.  Basal  view  of  another  specimen  which  shows  no  signs  of  stem  attachment; 

the  basal  circlet  consiBts  of  but  three  plates,  as  a  result  of  the  fusion  of  two 
of  the  four  plates  shown  in  figure  12.  After  Bather,  1900.  (Text  fig.  45, 
3,  p.  75.)    After  Volborth. 

Edriocrinus  aaccultu  Hall. 

14.  A  group  ol  young  attached  individuals.    Original  in  the  collection  of  the 

United  States  National  Museum,  catalogue  number,  57504. 

15.  Adult,  free  individual,  crawling  over  the  sur&ce  of  a  gastropod  shell.    Origi- 

nal in  the  collection  of  the  United  States  National  Museum,  catalogue 
number,  57504. 
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A  REVISION  OF  THE  FORMS  OF  THE  LADDER-BACKED 
WOODPECKER  (DRYOBATES  SCALARIS  [WAGLER]). 


By  Habby  C.  Obebholseb, 

Atnstant  Ornithologist^  DepartmerU  of  Agriculture. 


This  paper  is  the  outgrowth  of  an  attempt  to  detennine  the  proper 
name  for  the  ladder-backed  woodpecker  of  Texas.  The  investiga- 
tion has  developed  some  interesting  results,  which  it  seems  well 
to  publish  collectively.  The  writer  is  under  great  obligation  to 
Mr.  Ridgway  for  the  use  of  all  the  material  of  this  group  that  he 
had  brought  together  for  his  ''Birds  of  North  and  Middle  America/'  as 
well  as  a  large  number  of  his  measurements.  Altogether  560  speci- 
mens have  been  available,  comprising  the  collections  of  the  U.  S. 
National  Museum,  with  that  of  the  Biological  Survey;  the  American 
Museum  of  Natural  History;  the  Academy  of  Natural  Sciences  of 
Philadelphia;  the  Museum  of  Comparative  Zoology  at  Cambridge, 
including  the  Bangs  collection;  the  Carnegie  Museum  at  Pittsburg; 
and  the  Field  Museum  of  Chicago. 

The  ladder-backed  woodpeckers,  Dryobates  scalaria  (Wagler),  range 
from  the  southwestern  United  States,  in  southern  Colorado  and 
southern  Utah^  to  southeastern  Mexico  and  British  Honduras, 
chiefly  in  the  Lower  Austral  and  Tropical  zones.  They  are  strictly 
resident,  and  are  preeminently  birds  of  the  chaparral  and  cactus, 
rarely  frequenting  the  forest.  In  a  general  way  the  smallest  forms 
inhabit  the  south  and  the  largest  forms  the  north.  The  six  cur- 
rently recognized  races  are  here  increased  to  fifteen.  The  adult 
females  differ  from  the  males  in  lacking  all  red  on  the  pileum,  black 
taking  its  place,  and  in  being  of  smaller  size;  otherwise  the  sexes  are 
identical.  There  is  considerable  individual  variation  in  both  size  and 
color. 

In  all  measurements,  which  are  in  millimeters,  it  has  been  the  aim 
to  use,  as  far  as  possible,  only  typical  specimens,  so  that  the  aver^ 
ages  and  extremes  may  represent,  not  the  limits  of  intermediate 
specimens,  but  standards  for  the  various  forms. 

The  following  key  may  be  of  some  assistance  for  purposes  of 
identification,  as  well  as  serving  for  an  exposition  of  salient  characters. 
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KST  TO  THB  BUBSPSCnS  OF  DBTOBATBS  flOAf.A»W,  BAUD  ON  ADX7LT  MALES. 

a.  Outermost  long  rectrix  (the  second)  with  black  spots  or  bars  on  whole  of  both  vanes.' 

b.  Lower  surface  darker,  more  smoky. 

c.  Laiger  (wing  usually  more  than  100  mm.);  sides  of  breast  itreaked  with  black; 

black  bars  on  upper  parts  wider;  black  postocular  and  malar  stripes  wider, 

the  latter  reaching  bill. 

d.  Somewhat  larger  (wing  averaging  104.4  mm.);  lower  sur&ce  darker;  black 

bars  on  back  broader;  postocular  stripe  wider Dryobates  Kolaris  bairdi, 

df.  Somewhat  smaller  (wing  averaging  102.4  mm.);  lower  surface  lighter;  black 
bars  on  back  narrower;  postocular  stripe  narrower. 

DryobaUs  tcakarU  centropkUu9. 

cf.  Smaller  (wing  less  than  100  mm.);  sides  of  breast  tpoUed  with  black;  black 

bars  on  upper  parts  narrower;  black  postocular  and  malar  stripes  nairower, 

the  latter  not  reaching  bill. 

d.  Laiger  (wing  more  than  93  mm.);  black  ban  on  basal  part  of  exterior  vane 

of  outermost  long  rectrix  (the  second)  averaging  laiger,  never  absent. 

DryobaUs  sadaris  scaiaris. 

df.  Smaller  (wing  usually  less  than  93  mm.);  black  bars  on  basal  part  of  exterior 

vane  of  outermost  long  rectrix  (the  second)  reduced  to  spots,  and  averaging 

smaller,  occasionally  absent Dryobates  9calari$  ridffwayi. 

y.  Lower  surface  lighter,  less  smoky, 
c.  Larger  (wing  usually  over  100  mm'.;  averaging  more  than  101  nun.). 
d.  Upper  parts  darker  (the  white  bars  narrower,  the  black  bars  broader);  sides 
of  breast  more  often  streaked;  size  somewhat  laiger. 

DryobaUs  scalaris  oactophUus. 
cP.  Upper  parts  lighter  (the  white  bars  wider,  the  black  bars  narrower);  sides 
of  breast  less  often  streaked;  size  somewhat  smaller. 

DryobaUs  scalaris  sympleetus. 

&.  Smaller  (wing  under  100  mm.;  averaging  lees  than  98  mm.). 

(f.  Postocular  and  malar  stripes  wider,  the  latter  always  reaching  bill;  size 

smaller  (wing  averaging  89.1  mm.);  black  bars  on  back  somewhat  narrower; 

primaiy  coverts  with  somewhat  less  white;  lower  parts  less  heavily  spotted. 

DryobaUs  scalaris  parvus, 

<F.  Postocular  and  malar  stripes  narrower,  the  latter  usiuJly  not  reaching  bill; 

size  laiger  (wing  averaging  96.5);  black  bars  on  back  somewhat  wider; 

primary  coverts  with  somewhat  more  white;  lower  parts  more  heavily 

spotted DryobaUs  scalaris  percus, 

of.  Outermost  long  rectrix  (the  second)  with  black  spots  or  bars  wanting  on  most  of 
basal  half  of  exterior  vane. 
b.  Lower  surface  much  darker, 
c.  Laiger  (wing  more  than  90  mm.);  aides  of  breast  streaked  with  black;  primary 
coverts  with  more  white. 
d.  Back  and  scapulars  darker,  the  black  bars  wider,  the  white  bars  narrower; 
size  decidedly  greater  (wing  averaging  more  than  100  nmi.);  malar  stripe 
not  obsolete  at  base  of  bill;  black  bars  on  tail  generally  broader;  streaks 

on  sides  of  breast  rather  wider DryobaUs  scalaris  agnus, 

<f .  Back  and  scapulars  lighter,  the  black  bars  narrower,  the  white  bars 
wider;  size  decidedly  smaller  (wing  averaging  less  than  100  mm.);  malar 
stripe  nearly  always  obsolete  at  base  of  bill;  black  bars  on  tail  generally, 
narrower;  streaks  on  sides  of  breast  rather  narrower. 

DryobaUs  scalaris  sinaloensis. 

1  In  DrffobaUt  tcalarit  ridgwavi  these  are  oocasioiially  wanting  on  proximal  portion  of  oater  vane. 
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&,  Smaller  (wing  leas  than  90  mm.);  sides  of  breast  spotted  with  black;  primary 

coverts  with  less  white Dryobates  scalaria  leucoptUwrus, 

v.  Lower  surface  much  lighter. 

e.  Smaller  (wing  less  than  100  nun.);  outer  webs  of  primary  coverts  with  very  little 

or  no  white;  poetocular  stripe  rather  broader;  malar  stripe  obsolete  at  base 

ofbiU. 

d  Under  parts  lighter;  size  decidedly  laiger  (wing  not  less  than  95  mm.);  lower 

surface  less  heavily  spotted  with  black;  black  bars  on  back  and  tail 

broader Dryo  hates  scaUxris  groysoni. 

df.  Under  parts  darker;  size  decidedly  smaller  (wing  less  than  95  mm.);  lower 
surface  more  heavily  spotted  with  black;  black  bars  on  back  and  tail 

narrower Dtyobates  scalaris  azelus. 

&.  Larger  (wing  not  lees  than  100  mm.);  outer  webs  of  primary  coverts  conspicu- 
ously spotted  with  white;  postocular  stripe  not  so  broad;  malar  stripe  not 
obsolete  at  base  of  bill. 
d.  Decidedly  smaller  (wing  averaging  less  than  104  mni.);  ventral  surface 
lighter;  lighter  above  (the  white  bars  on  back  averaging  wider  and  more 
regular,  the  black  bars  narrower);  black  bars  on  posterior  lower  parts 

averaging  less  heavy Dryobates  scalaris  luoasaniLs. 

df.  Decidedly  laiger  (wing  averaging  more  than  104  mm.);  ventral  surface 
darker;  darker  above  (the  white  bars  on  back  averaging  narrower  and 
lees  regular,  the  black  bars  wider);  black  bars  on  posterior  lower  parts 
averaging  somewhat  heavier Dryobates  scalaris  eremicus. 

DRTOBATBS  SCALAJRIS  SCALARIS  (Wagtor). 

Pieus  scalaris  Waolbr,  Isis,  1829,  p.  511. 
Ficus  gracilis  Lesson,  Rev.  ZooL,  1839,  p.  41  (Mexico). 
Picus  orizabae  Cassin,  Proc.  Acad.  Nat.  Sci.  Phila.,  1863,  p.  196  (Jakpa,  Vera 
Cruz,  Mexico). 

CTuiTS.  subsp. — Size  medium  (wing  of  male  averaging  about  96 
mm.);  white  bars  of  back  wider  than  the  black  interspaces;  exterior 
webs  of  three  outer  pairs  of  tail-feathers  barred  throughout  with 
black  and  white,  although  the  black  bars  occasionally  incomplete 
basaUy;  outer  webs  of  primary  coverts  slightly  spotted  with  white; 
malar  stripe  more  or  less  obsolete  at  base  of  bill;  lower  surface 
smoky  brownish;  sides  of  breast  and  body  hghtly  spotted  with  black. 

Description. — ^Adult  male,  No.  37432,  U.S.N.M.;  Orizaba,  Vera 
Cruz,  Mexico,  January  15,  1864;  F.  Sumichrast.  Crown  and  nape 
black,  the  feathers  of  the  former  subterminally  dull  white,  terminally 
scarlet  vermiUon,  this  producing  a  mottled  effect  on  the  top 
of  the  head,  but  merging  into  a  solid  band  of  red  on  the  occiput 
and  anterior  hind  neck;  remaining  upper  parts  black,  all,  excepting 
the  superior  tail-coverts,  barred  with  white — these  white  bars  nearly 
all  wider  than  the  black  interspaces;  tail  black,  the  three  external 
pairs  of  rectrices,  including  the  dwarfed  outermost  one,  much  barred 
with  dull  white,  except  on  basal  portion  of  inner  webs  of  the  second 
and  third;  the  fourth  pair  spotted  with  white  on  maigin  of  outer 
vane;  wings  black,  the  remiges  spotted  conspicuously  on  both  webs 
with  white,  these  spots  forming,  on  tertials  fairly  well-defined  bars,  the 
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medium  and  greater  coverts  heavily,  the  lesser  and  primary  coverts 
sparingly,  spotted  on  both  webs  with  white;  sides  of  head  and  neck 
light  smoky  brownish,  the  superciliary  stripe  rather  more  whitish;  a 
postocular  and  a  malar  stripe  of  black,  which  meet  on  the  side  of  the 
neck,  the  malar  stripe,  however,  more  or  less  obsolete  at  the  base  of 
the  bill;  nasal  tufts  and  entire  inferior  surface  smoky  brownish,  paler, 
even  whitish  on  crissum;  sides  of  breast  and  body  with  small  spots  of 
black,  flanks  and  crissum  with  bars  of  the  same  color;  lining  of  wing 
white,  with  spots  of  black. 

Measurements. — ^Male*:  Wing,  95-97  (average,  96.3)  nun.;  tail, 
52.5-55  (53.5);  exposed  cuhnen,  19.5-21  (20.2);  tarsus,  18;  middle 
toe,  11.5-12  (11.8). 

Female:*  Wing,  93-98  (95.1);  tail,  49-52.5  (50.1);  exposed  cul- 
men,  17.5-19.5  (18.5);  tarsus,  16-16.5  (16.3);  middle  toe,  10.5-12 
(11.6). 

Type4ocality. — "Mexico:"  i.  e.,  central  part  of  the  State  of  Vera 
Cruz,  Mexico. 

Geographical  distribution. — Central  eastern  Mexico:  north  to  Alta 
Mira,  southeastern  Tamaulipas;  west  to  Valles,  eastern  San  Luis 
Potosi;  Jico  and  Orizaba,  central  western  Vera  Ouz;  south  to  Cor- 
doba and  Orizaba,  central  western  Vera  Cruz;  east  to  Carrizal,  cen- 
tral eastern  Vera  Cruz;  and  Tampico,  southeastern  Tamaulipas. 

Specimens  examined  from  various  parts  of  the  range  of  this  form, 
as  above  outlined,  are  very  uniform  in  size.  A  female  from  Chal- 
chicomula,  Puebla,  has  the  black  bars  on  outer  web  of  outermost 
long  tail-feather  much  reduced,  and  in  this  appears  to  be  aberrant, 
verging  toward  Dryohates  scalaris  azelus,^  but  its  other  characters 
proclaim  it  the  present  form.  Birds  from  extreme  southeastern 
TamauUpas  (Alta  Mira  and  Tampico)  are  somewhat  intermediate  in 
color  between  this  race  and  Dryohates  scalaris  symplectus,^  but  in 
general  characters  are  nearer  D.  s.  scalaris. 

In  the  original  description  of  Dryohates  scalaris  *  the  type-locality 
given  is  simply  ''Mexico;"  but  the  measurements  there  added,* 
and  the  subsequent  remarks  of  Malherbe,'  who  examined  the  type, 
evidently  refer  to  the  bird  of  central  Vera  Cruz,  to  which  we 
therefore  here  restrict  the  name  scalaris.  The  Picus  gracilis  ot 
Lesson,  poorly  described*  from  "Mexico,"  is  the  same  form,  as 
Malherbe's  remarks  on  the  type  •  clearly  indicate.    The  Picus  orizabae 

1  Three  spedm^os,  from  the  State  of  Vera  Crux,  Mexico. 

t  Five  specimens,  from  Vera  Cms  and  eastern  San  Lois  Potosi,  Mexico. 

i  See  p.  147. 

4  See  p.  165. 

»  Picua  tealaris  Wagler,  Isls,  1829,  p.  511. 

•  Ibid.    These,  redaced  to  millimeters,  are:  Wing,  95.3;  tail,  64.9;  exposed  oabnen,  17.5;  taisos,  17. 
7  Mon.  Picidtes.  vol.  1, 1S61,  p.  116,  et  seq. 

>  Rev.  Zool.,  1839,  p.  41. 

•  Mod.  Pioidi6es,  vol.  1, 1861,  p.  117. 
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of  Cassin,*  from  Jalapa,  Vera  Cruz,  the  type  of  which  we  have  seen, 
is  ako  a  synonym  of  Dryobaies  scaiaris  scalaris.  Malherbe's  Picus 
acdiafis  var.  d'orizaba,^  commonly  cited  under  D.  s.  scalaris,  is.merely 
a  vernacular  designation,  and  has  therefore  no  real  standing  in 
nomenclature. 

Twelve  specimens  of  this  form  have  been  examined,  from  the  fol- 
lowing localities  in  Mexico: 

San  Luis  Potosi. — ^Valles. 

Tamaulipas. — ^Alta  Mra;  Tampico. 

Vera  Orm, — Carrizal;  Jico;  Mirador;  Orizaba. 

DRYOBATBS  SCALARIS  RmOWATI,«  new  sobspedM. 

Chars,  subsp. — Similar  to  Dryobates  scalaris  scalaris,  but  much 
smaller;  and  the  black  bars  (of  scalaris)  on  basal  part  of  exterior  web 
of  outermost  long  rectrix  averaging  smaller  and  reduced  to  spots, 
sometimes  absent. 

Description. — ^Type,  adult  male,  No.  187546,  U.S.N Jf.,  Biological 
Smvey  collection;  Jaltipan,  Vera  Cruz,  Mexico,  February  3,  1904; 
E.  W.  Nelson  and  E.  A.  Goldman.  Crown  and  nape  black,  the 
feathers  of  the  former  subterminally  brownish  white,  terminally 
poppy  red,  this  producing  a  mottled  effect  on  the  top  of  the  head, 
but  merging  into  a  soUd  band  of  red  on  the  occiput  and  anterior 
hind  neck;  rest  of  upper  body  surface  black,  all,  except  the  superior 
tail-coverts,  barred  with  dull  white — these  white  bars  decidedly  wider 
than  the  black  interspaces;  tail  black,  the  three  exterior  pairs  of 
feathers,  including  the  dwarfed  outermost  one,  much  barred  with 
brownish  white  except  on  basal  portion  of  inner  web  of  second  and 
third,  the  black  interspaces  reduced  to  spots  on  basal  portion  of  the 
external  web  of  the  outermost  long  rectrix  (the  second) ;  the  fourth 
pair  of  rectrices  barred  distally  with  brownish  white;  wings  black, 
much  spotted  with  white,  this  forming,  on  tertiab,  fairly  well-defined 
bars;  sides  of  head  and  neck  light  smoky  brownish,  the  superciliary 
stripe  somewhat  paler;  a  postocular  and  a  malar  stripe  of  black, 
which  meet  on  the  side  of  the  neck,  the  malar  stripe,  however,  obso- 
lete anteriorly;  nasal  tufts  and  whole  lower  surface  smoky  brown, 
paler  posteriorly;  sides  of  breast  and  body  with  small  spots  of  black; 
flanks  and  crissimi  with  bars  of  the  same;  lining  of  wing  white,  with 
spots  of  black. 

Measurements. — ^Male:*  Wing,  88-92.6  (average,  90.8)  mm.;  tail, 
45-50.5  (47.8);  exposed  culmen,  18.5-20.5  (19.1);  tarsus,  16-17.5 
(16.6);  middle  toe,  11.5-12  (11.8). 

>  Pzoc.  Acad.  Nat  Sci.  Phila.,  1863,  p.  196. 

iHoQ.  Picidfies,  toI.  Z,  1861,  pi.  27,  flg.  6. 

t  Named  for  Mr.  Robert  Ridgway,  as  a  alight  token  of  appredatlon  oi  many  and  -various  ooartesfes. 

«  Four  speoimens,  from  the  State  of  Vera  Crux,  Mexico. 
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Female:^  Wing,  86-89.5  (88);  tail,  47.5;  exposed  culmen,  17-19.6 
(18);  tarsus,  16;  middle  toe,  11-11.5  (11.3). 

Type-loaility, — Jaltipan,  Vera  Oruz,  Mexico. 

Oeogrofhical  distriJmtion. — Southeastern  Vera  Cruz,  Mexico :  north- 
west to  Tlacotalpam;  east  to  Jaltipan;  and  south  to  Pasa  Nueva. 

This  new  race  may  be  distinguished  from  DryobaUs  scalaris  parvus f 
of  Yucatan,  by  its  decidedly  lighter  upper  parts — the  black  bars 
narrower,  the  white  ones  broader;  much  narrower  postocular  and 
malar  stripes,  the  latter  not  reaching  the  bill;  smaller  or  absei^r 
black  markings  on  outer  vane  of  outermost  long  rectrix;  darker 
lower  surface;  and  less  heavily  spotted  sides  of  breast  and  body.  It 
diflFers  from  Dryohatea  scalaris  hairdi,  of  Hidalgo,  in  being  very  much 
smaller;  in  having  the  upper  parts  decidedly  lighter,  the  black  bars 
being  narrower;  black  bars  on  tail  not  so  wide;  black  markings  on 
outer  web  of  outermost  long  rectrix  smaller;  postocular  and  malar 
stripes  much  narrower,  the  latter  not  reaching  the  bill;  lower  surface 
paler,  spotty  instead  of  streaked,  and  less  heavily  thus  marked,  with 
black. 

Of  this  race  we  have  seen  seven  examples,  representing  the  following 
Mexican  locaUties: 

Vera  Oruz. — Jaltipan;  Tlacotalpam;  Pasa  Nueva. 

DRTOBATSS  SCALASIS  PERCUS,  naw  talMpodas. 

Chars,  subsp. — Similar  to  Dryobates  scalaris  ridgwayi,  but  larger; 
lower  surface  paler  and  much  more  heavily  spotted  with  black;  upper 
parts  darker,  the  white  bars  much  narrower,  the  black  bars  wider; 
postocular  and  malar  stripes  somewhat  broader;  spots  of  black  on 
white  portion  of  outer  vane  of  outermost  long  rectrix  (the  second) 
averaging  larger,  inclining  sometimes  to  bars. 

Description.— Type,  adult  male.  No.  193906,  U.S.N.M.,  Biological 
Survey  collection;  Comitan,  Chiapas,  Mexico,  April  15,  1904;  E.  W. 
Nelson  and  E.  A.  Goldman.  Oown  and  nape  black,  the  feathers  of 
the  former  subterminally  dull  white,  terminally  poppy  red,  this  pro- 
ducing a  mottled  effect  on  the  top  of  the  head,  but  merging  into  a 
soUd  band  of  red  on  the  occiput  and  anterior  bind  neck;  remainder 
of  upper  parts  black,  all,  excepting  the  superior  tail-coverts,  barred 
with  white — these  white  bars  narrower  than  the  black  interspaces; 
tail  black,  the  three  outer  pairs  of  feathers,  including  the  dwarfed 
exterior  one,  much  barred  with  dull  white,  excepting  on  basal  portion 
of  inner  webs  of  the  second  and  third,  the  black  interspaces  on  the 
outer  vanes  often  reduced  to  spots,  particularly  on  basal  part;  the 
fourth  pair  irregularly  and  broadly  margined  with  white  on  outer 
vanes;  wings  black,  with  numerous  spots  of  white,  which,  on  tertials, 
become  fairly  well-defined  bars;  sides  of  head  and  neck  deep  brownish 

1  Three  spedmeos,  from  tbe  sftxne  State. 
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white;  a  postocular  and  a  malar  stripe  of  black,  which  meet  on  the 
side  of  the  neck,  the  malar  stripe,  however,  more  or  less  obsolete  at 
base  of  bill;  nasal  tufts  and  lower  surface  pale  smoky  brownish,  the 
chin,  sides,  flanks,  and  crissiun  decidedly  whitish;  sides  and  middle 
of  breast  and  sides  of  body  heavily  spotted  with  black;  flanks  and 
crissum  barred  with  the  same;  liTiing  of  wing  white,  spotted  with 
black. 

Measurements. — ^Male:*   Wing,   94-99   (average,  96.6)  mm.;  tail, 

;  exposed  culmen,  17.5-20  (18.8);  tarsus,  17;  middle  toe,  11.5- 

12.5  (12). 

Female:^  Wing,  90-94.5  (92.3);  tail, ;  exposed cuhnen,  16.5-18 

(17.3),  tarsus,  lfr-17  (16.5);  middle  toe,  11.5-12  (11.8). 

Type-locality. — Comitan,  Chiapas,  Mexico. 

OeograpJdml  distribufion. — Southern  Chiapas,  Mexico:  north  to 
Comitan  and  Tuxtla  Gutierrez,  south  central  Chiapas;  east  to  San 
Vicente,  southeastern  Chiapas;  and  west  to  Tuxtla  Gutierrez. 

This  form  is  easily  to  be  separated  from  Dryohates  scalaris  hairdi 
bj  its  greatly  inferior  size;  narrower  postocular  and  malar  stripes; 
more  restricted  black  bars  on  upper  parts;  lighter  lower  surface,  which 
is  more  heavily  marked  with  spots — ^not  streaks — of  bliick. 

Only  four  birds  examined,  from  the  subjoined  Mexican  locahties: 

Chiapas. — (^mitan;  San  Vicente;  Tuxtla  Gutierrez. 

DRTOBATBS  SCALARIS  PARVUS  (Cabot). 

Picus  parvus  Cabot,  Boston  Joum.  Nat.  Hist.,  vol.  6,  1845,  p.  92. 
Picus  vagatus  Cassin,  Proc.  Acad.  Nat.  Sci.  Phila.,  1863,  p.  196  ("Mexico;" 
i.  e.,  Yucatan). 

Chars,  suhsp. — Resembling  Dryohates  scalaris  percus,  but  decidedly 
smaller;  postocular  and  malar  stripes  wider;  the  latter  always  reach- 
ing bill;  black  bars  on  back  rather  narrower;  primary  coverts  with 
somewhat  less  white;  and  lower  parts  less  heavily  spotted. 

Measurements. — Male:'  Wing,  87-92  (average,  89.1)  mm.;  tail, 
4ft-53.5  (48.4);  exposed  culmen,  18-20.5  (19.4);  tarsus,  15-17  (16.3); 
middle  toe,  11-12.5  (11.5). 

Female:*  Wing,  86-89.5  (87);  tail,  46-49  (47.3);  exposed  cuhnen, 
lft-18  (16.9);  tarsus,  15.5-16.5  (15.9);  middle  toe,  11-12  (11.5). 

Type  locality. — Ticul,  Yucatan,  Mexico. 

Geographical  distribution. — Northern  Yucatan,  Mexico:  north  to 
Progreso,  San  FeUpe,  and  La  Vega;  east  to  Cozumel  Island,  coast 
of  northeastern  Yucatan;  south  to  Chichen  Itza,  north  central  Yuca- 
tan; west  to  Merida,  northwestern  Yucatan. 

This  well-marked  subspecies  diflFers  greatly  from  Dryohates  scalaris 
hairdi,  for  it  is  much  smaller;  has  paler  upper  parts,  since  the  black 

1  Two  spedxnens,  trom  tbe  State  of  Chiapas,  Mexico.  •  Ten  speetmens,  fhim  Yucatan,  Ifexloo. 

•  Two  speotaiens,  from  the  same  State.  *  Six  specimens,  from  the  teme  State. 

94428«»-:-Pix)C.N  M.vol.41— 11 10 
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bars  are  decidedly  narrower;  less  broad  black  tail-bars,  on  the 
outermost  long  rectrix  particularly;  the  lower  surface  of  body  much 
lighter,  more  heavily  marked  on  breast  and  sides,  spotted,  instead 
of  streaked,  with  black.  It  may  be  distinguished  from  Dryobates 
Bcalaria  scalaris  by  its  smaller  size,  rather  darker  upper  surface,  the 
black  bars  being  somewhat  broader,  the  white  bars  narrower;  wider 
postocular  and  malar  stripes,  the  latter  extending  to  the  biU;  and 
paler  imder  parts,  more  heavily  spotted  with  black. 

So  far  as  known,  this  race  is  confined  to  northern  Yucatan,  but 
its  range  may  be  extended  by  future  explorations. 

The  bird  described  by  Cassin  as  Picas  vagatuSj^  from  "Mexico," 
is  the  same  as  tlie  Yucatan  race.  This  Mr.  Witmer  Stone  has  kindly 
determined  by  an  examination  of  the  type  in  the  collection  of  the 
Philadelphia  Academy  of  Sciences  and  a  comparison  with  typical 
examples  of  Dryohaies  scalaris  ridgwayi  and  Dryobates  scalaris  parvus. 
Mr.  Stone  furnishes  the  following  measurements  of  the  type:  Wing, 
88;  tail,  54;  exposed  culmen,  18;  tarsus,  14.5  mm. 

Specimens  examined,  24,  from  Mexican  locaUties  as  under: 

Yucatan. — La  Vega;  Chichen  Itza;  Progreso;  Merida;  Temax:  San 
Felipe;  Tekanto;  west  of  Tunkas. 

DRTOBATBS  SCALARIS  LBUCGPHLURUS,  new  subspeclet. 

(Thars.  suhsp. — Like  Dryobates  scalaris  parvus,  but  stiQ  smaller; 
lower  siu^ace  much  darker,  but  somewhat  less  heavily  spotted; 
outer  webs  of  second  (the  first  long)  pair  of  rectrices  without  bars 
basally;  black  bars  on  upper  parts  rather  narrower  and  more  irregu- 
lar; primary  coverts  with  rather  less  white  on  outer  webs. 

Description. — ^Type,  adult  male,  No.  25254,  Carnegie  Museum; 
Pine  Ridge,  near  Manatee  Lagoon,  British  Honduras;  October  26, 
1905;  Morton  E.  Peck.  Crown  and  nape  black,  the  feathers  of  the 
former  subterminally  dull  white,  terminally  poppy  red,  this  pro- 
ducing a  mottled  effect  on  the  top  of  the  head,  but  merging  into 
a  sohd  band  of  red  on  the  occiput  and  anterior  hind  neck;  remaining 
upper  parts  black,  all,  excepting  the  superior  tail-coverts,  barred 
with  white,  these  white  bars  somewhat  wider  than  the  black  inter- 
spaces; tail  black,  the  three  outer  pairs  of  feathers,  including  the 
dwarfed  outermost  .one,  barred  with  white  except  on  basal  portion 
of  inner  webs  of  the  second  and  third,  but  the  outer  vanes  of  the 
second  (the  first  long  pair)  and  third  almost  wholly  white  basally; 
the  fourth  pair  largely  white  on  distal  half  of  outer  vanes;  wings 
black,  with  niunerous  spots  of  white,  which,  on  the  tertials  and 
some  of  the  inner  long  wing-coverts,  become  fairly  well-defined  bars; 
sides  of  head  and  neck  pale  smo^  brownish;  a  broad  postocular 
and  a  malar  stripe  of  black,  which  meet  on  tlie  side  of  the  neck; 

t  Proo.  Aoad.  Nat  Soi.  Phlla.,  1S63,  p.  190. 
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nasal  tufts  and  ventral  surface  of  body  smoky  brown,  the  chin  and 
erissum  paler;  sides  and  middle  of  breast  and  sides  of  body  heavily 
spotted  with  black;  the  flanks  and  erissum  barred  with  the  same; 
lining  of  wing  brownish  white,  spotted  with  black;  "iris  brownish 
red;  bill  dark  bluish;  feet  greenish  blue." 

Measurements, — Male:^  Wing,  85-88.5  (average,  86.8)  nun.;  tail, 
43-48.5  (45.8);  exposed  culmen,  18-19  (18.5);  tarsus,  16.5;  middle 
toe,  11.5-12  (11.8). 

Female:^  Wing,  84;  tail,  44;  exposed  culmen,  16.5;  tarsus,  15; 
middle  toe,  11.5. 

Type-locality. — Pine  Ridge,  near  Manatee  Lagoon,  central  eastern 
British  Honduras. 

Geographical  distribution. — Southeastern  British  Honduras;  north 
to  Manatee  Lagoon,  central  eastern  British  Honduras;  south  to 
Ycacos  Lagoon. 

This  is  the  most  diminutive  of  all  the  races  of  Dryohates  scalaris, 
and  seems  to  be  very  restricted  in  distribution.  The  series  available 
is  small,  but  the  differences  that  these  birds  show,  coupled  with 
their  isolated  habitat,  seem  to  warrant  subspecific  recognition. 

Four  examples  seen,  from  the  localities  below: 

British  Honduras. — Ycacos  Lagoon;  Pine  Ridge  near  Manatee 
Lagoon. 

DRTOBATBS  SCALARIS  AZBLUS,  new  subspeetos. 

Chars,  subsp. — ^Much  Uke  Dryohates  scalaris  leucoptUurus,  but  of 
decidedly  greater  size;  lower  parts  lighter;  postocular  and  malar 
stripes  somewhat  narrower,  the  latter  not  reaching  the  bill;  less  black 
on  the  outer  long  tail-feathers,  particularly  on  the  exterior  webs. 

Description. — ^Type,  adult  male,  No.  185060,  U.S.N.M.,  Biological 
Survey  collection;  La  Salada,  Michoacan,  March  19,  1903;  E.  W. 
Nelson  and  E.  A.  Goldman.  Crown  and  nape  black,  the  feathers  of 
the  former  subterminally  dull  white,  terminally  scarlet  vermUion, 
this  producing  a  mottled  effect  on  the  top  of  the  head,  but  merging 
into  a  soUd  band  of  red  on  the  occiput  and  anterior  hind  neck; 
remaining  upper  parts  black,  all,  excepting  the  superior  tail-coverts, 
barred  with  white — these  white  bars  narrower  than  the  black  inter- 
spaces; tail  black,  the  three  outer  pairs  of  feathers,  including  the 
dwarfed  outermost  one,  barred  broadly  with  white,  except  on  basal 
portion  of  inner  webs  of  the  second  and  third,  but  the  outer  vanes 
of  the  second  (the  first  long  pair)  and  third  wholly  white  basally; 
the  fourth  pair  distally  barred  with  white,  and  broadly  margined  on 
median  portion  of  outer  webs  with  white;  wings  black,  with  numer- 
ous spots  of  white  (except  on  primary  coverts,  alula,  and  some  of  the 
lesser  coverts),  which,  on  tertials  and  some  of  the  inner  long  upper 

1  Two  spectanens,  firam  British  Honduns.  *  One  speeimeii,  from  the  same  ooontry. 
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wing-coverts,  become  well-defined  bars;  sides  of  head  and  neck  deep 
brownish  white;  a  black  postocular  and  a  black  malar  stripe,  which 
meet  on  the  side  of  the  neck,  the  malar  stripe,  however,  obsolete 
anteriorly;  nasal  tufts  and  lower  surface  light  smoky  brown,  the 
chin,  abdomen,  flanks,  and  crissum  whitish;  sides  and  middle  of 
breast,  and  sides  of  body  heavily  spotted  with  black;  the  flanks  and 
crissum  barred  with  the  same;  lining  of  wing  brownish  white,  spotted 
with  black. 

Measurements. — ^Male:*  Wing,  92  mm.;  tail,  48.6;  exposed  cul- 
men,  18.8;  tarsus,  15.5;  middle  toe,  11. 

Type-locality. — ^La  Salada,  Michoacan,  Mexico. 

Oeographical  distribution. — Southern  Mexico:  west  to  La  Salada, 
central  western  Michoacan;  north  to  Chietla,  southwestern  Puebla; 
east  to  Tlacolula  and  Oaxaca,  west  central  Oaxaca;  south  to  Sola, 
southwestern  Oaxaca,  and  Amula,  central  Guerrero. 

This  form  is  superficially  much  Uke  Dryobates  scaJaris  sindloensis, 
but  differs  in  its  smaller  size;  spotted  instead  of  streaked  breast  and 
sides,  these  parts  more  heavily  marked;  lighter  under  surface;  and 
somewhat  less  white  on  outer  webs  of  primary  coverts. 

Curiously  enough,  this  new  form  much  more  closely  resembles 
Dryobates  scalaris  leucoptilurus  from  British  Honduras,  and  Dryobaies 
scaUiris  sinaloensis,  from  Sinaloa,  Mexico,  than  it  does  any  of  the 
geographically  adjoining  races.  Although  only  the  type  has  been 
available  for  examination  in  this  connection,  this  example  is  so 
different  from  Dryobates  scalaris  centrophiluSj  from  Jalisco,*  Dryobaies 
s.  bairdi  from  Hidalgo  and  Mexico,  Dryobates  scalaris  ridgyxiyi,  from 
Vera  Cruz,  and  Dryobates  scalaris  percus,  from  Chiapas,  that  it 
deserves  separation.  Another  specimen,  from  Chietla,  Puebla,  was 
examined  by  Mr.  Ridgway  a  niunber  of  years  ago,'  and  he  is  now 
convinced  that  it  should  be  referred  to  this  race,  an  impression  borne 
out  by  his  printed  remarks  on  this  bird.*  The  present  species 
(Dryobaies  scalaris)  has  been  recorded  from  localities  in  the  States  of 
Guerrero  and  Oaxaca,*  and  these  States,  without  much  doubt,  should 
be  included  in  the  range  of  this  form. 

DRYOBATES  SCALARIS  ORATSOin  (BaM). 

Picus  scalaris,  var.  graysoni  Baird,  in  Baird,  Brewer,  and  Ridgway,  Hist.  North 
Amer.  Birds,  Land  Birds,  vol.  2,  1874,  pp.  501,  517. 

Chars,  svhsp. — Resembling  Dryobaies  scalaris  azduSy  but  decidedly 
larger;  imder  surface  paler,  and  much  less  heavily  spotted,  some- 
times streaked,  with  black;   postocular  and  malar  stripes  wider; 

1  One  specimen,  the  type,  from  the  State  of  Michoacan,  Ifezioo. 

*  See  p.  157. 

s  Proc.  U.  B.  Nat.  Mus.,  vol.  9, 1886,  p.  169. 
« Ibid. 

•  Hargitt,  Cat.  Birds  Brit.  Mua.,  vol.  18, 1890,  p.  240. 
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black  bars  on  outer  long  tail-feathers  wider;  black  bars  on  upper 
parts  broader. 

Measurements. — ^Male: '  Wing,  95-99  (average,  97.7)  mm.;  tail, 
51-57  (54.5);  exposed  culmen,  20.5-23  (22.1);  tarsus,  16.5-18 
(17.4);  middle  toe,  12.5-13.5  (12.9). 

Female:'  Wing,  92-98  (95);  tail,  49-56  (53.6);  exposed  cubnen, 
18.5-20  (19.3);  tarsus,  16.5-17.5  (17);  middle  toe,  11.5-12.5  (12). 

Type-locality. — ^Tres  Marias  Islands,  Tepic,  Mexico. 

Oeographical  distribution. — ^Tres  Marias*  Islands,  Tepic,  Mexico. 

The  present  race  differs  from  Dryohates  scalaris  lucasanus  in  smaller 
size;  in  having  the  outer  webs  of  primary  coverts  usually  without 
white  spots,  never  with  large  ones;  postocular  stripe  rather  broader; 
malar  stripe  obsolete,  or  nearly  so,  at  base  of  bill;  and  sides  of  breast 
less  heavily  spotted. 

The  original  citation  of  this  subspecies  is  sometimes  given  as 
''Lawrence,  Mem.  Bost.  Soc.  Nat.  Hist.,  vol.  2,  1874,  p.  294;"  but 
here  only  a  nomen  nudum  is  found. 

Of  this  race  we  have  handled  altogether  14  specimens,  all  from  the 
Tres  Marias  Islands,  Tepic,  Mexico,  and  most  of  them  from  Maria 
Madre  Island. 

DRTOBATBS  SCALARIS  SINALOSRSIS  Ridcway. 

Dryohates  scalaris  sinalomsis  Ridowat,  Msin.  North  Amer.  Birds,  1887,  p.  285. 

Chars,  subsp. — Similar  to  Dryobates  scalaris  graysonij  but  smaller; 
lower  surface  much  darker,  the  sides  of  the  breast  always  streaked, 
instead  of  spotted,  and  more  conspicuously  thus  marked,  with  black; 
black  bars  on  upper  parts  and  on  tail  narrower;  postocular  stripe 
rather  narrower;  outer  webs  of  primary  coverts  with  somewhat 
more  white. 

Measurements. — ^Male:'  Wing,  94-95  (average,  94.5)  mm.;  tail, 
43.5-53  (48.4);  exposed  culmen,  19-21.5  (20.3);  tarsus,  16.5^17 
(16.8);  middle  toe,  12-13  (12.6). 

Female:*  Wing,  93-96  (94.6);  tail,  53.5-55.5  (54.5);  exposed  cul- 
men, 17.5-19  (18.2);  tarsus,  16-17  (16.3);  middle  toe,  11-12.5(11.8). 

Type^locality. — Near  Mazatlan,  Sinaloa,  Mexico. 

Oeographical  distribution. — Southern  and  central  Sinaloa,  Mexico: 
north  to  CHiliacan,  central  Sinaloa;  west  to  Mazatlan;  south  to 
Plomosas;  east  to  Juan  Lisiarraga  Mountain,  southeastern  Sinaloa. 

Specimens  examined,  11,  from  the  subjoined  localities  in  western 
Mexico: 

Sinaloa. — Mazatlan;  near  Mazatlan;  OuUacan;  Plomosas;  Juan 
Lisiarraga  Mountain. 

1  Nine  spectmfios,  from  the  Tm  Marias  Islands,  Teplo,  Mexico. 

t  Foot  spectanens,  from  the  same  Islands. 

t  Four  speofanens,  from  the  State  of  Sinaloa,  Mezioo. 

»  F1t8  g)eefan«nw,  from  the  same  State. 
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DRTOBATBS  8CALARIS  AONUS,  imw 

Chars,  suhsp. — Like  Dryobates  scalaris  sindloensis,  but  decidedly 
larger;  back  and  scapulars  darker,  the  black  bars  wider,  the  white 
bars  narrower;  malar  stripe  not  obsolete  at  base  of  bill,  though 
sometimes  obsolescent;  black  bars  on  outer  tail-feathers  usually 
wider;  streaks  on  sides  of  breast  rather  broader. 

Description. — Type,  adult  male,  No.  164107,  U.S.N.M.,  Biological 
Survey  collection;  Camoa,  Rio  Mayo,  Sonora,  November  6,  1898; 
E.  A.  Groldman.  Crown  and  nape  black,  the  feathers  of  the  former 
subterminally  dull  white,  terminally  poppy  red,  this  producing  a 
mottled  appearance  on  the  top  of  the  head,  but  merging  into  a  solid 
band  of  red  on  the  occiput  and  anterior  hind  neck;  remaining  upper 
parts  black,  all,  excepting  the  superior  tail-coverts,  barred  with  white — 
these  white  bars  decidedly  narrower  than  the  black  interspaces; 
tail  black,  the  three  outer  pairs  of  rectrices,  including  the  dwarfed 
outermost  one,  barred  with  white  except  on  basal  portion  of  inner 
webs  of  the  third  pair,  but  the  outer  vanes  of  the  second  (the  first  long 
pair)  and  third  wholly  white  basally;  the  fourth  pair  tipped,  and 
broadly  margined  on  distal  two-thirds  of  outer  vanes,  with  white; 
wings  black,  with  numerous  white  spots,  which,  on  the  tertials, 
become  fairly  well-defined  bars;  sides  of  head  and  neck  rather  light 
smoky  brown;  a  broad  postocular  and  a  malar  stripe  of  black, 
which  meet  on  the  side  of  the  neck;  nasal  tufts  and  lower  surface 
smoky  brown,  the  crissum  paler;  sides  of  breast  and  body  with' broad 
streaks  of  black,  the  flanks  and  crissum  with  bars  of  the  same; 
lining  of  wing  brownish  white,  spotted  with  black. 

MecLSuremerUs. — Male*:  Wing,  100-101.5  (average,  100.8)  nma.; 
tail,  58-59.5  (58.8);  exposed  culmen,  20-23  (21.5);  tarsus,  17; 
middle  toe,  13. 

Female:*  Wing,  95-98.5  (96.8);  tail,  56.5-60.5  (58.5);  exposed 
culmen,  19.5-20  (19.8);  tarsus,  16-16.5  (16.3);  middle  toe,  12. 

Type4ocdlity. — Camoa,  Rio  Mayo,  Sonora. 

OeograpTiical  distrihuiion, — Southern  Sonora,  Mexico:  northwest  to 
Batamotal,  southwestern  Sonora;  and  southeast  to  Camoa,  south- 
eastern Sonora. 

Of  this  race  four  examples  have  been  seen,  from  the  subjoined 
Mexican  localities: 

Sonora. — Camoa;  Batamotal. 

DRTOBATES  SCALARIS  LUCASANUS  (Baird). 
Picu8  luauanu8  Baird,  Proc.  Acad.  Nat.  Sci.  Fhila.,  1859,  p.  302  (Xantus  MS.) 

Okars.  subsp. — Resembling  Dryohaies  scalaris  agnus^  but  somewhat 
larger;  lower  surface  much  lighter,  and  the  sides  of  breast  spotted, 
rarely  streaked;  black  bars  on  upper  parts  decidedly  broader;  white 

1  Two  specimens,  from  sonthem  Sonora,  llezioo.  *  Tiro  qwofanens,  ttoan.  the  same  locality. 
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bars  on  wings  averaging  narrower;  and  spots  on  outer  webs  of  pri- 
mary coverts  usually  much  larger. 

Measurements. — MaJe:^  Wing,  100-105  (average  102)  nmi.;  tail, 
60.5-66  (63);  exposed  culmen,  23.5-25  (24.5);  tarsus,  18.5-19.5 
(19.1);  middle  toe,  13-14.5  (14). 

Female:'  Wing,  95-102  (99.2);  tail,  57-69  (63.8);  exposed  culmen, 
19-22  (20.5);  tarsus,  17-18  (17.7);  middle  toe,  12.5-13  (12.8). 

Type4ocaiUy. — Cape  San  Lucas,  Lower  California. 

Oeographical  distribution. — Southern  and  central  Lower  California, 
Mexico:  north  to  Rosarito,  north  central  Lower  California;  south  to 
Cape  San  Lucas. 

Of  this  subspecies  I  have  seen  47  examples,  representing  the 
locaUties  below: 

Lower  California. — San  Ignacio;  Cape  San  Lucas;  La  Laguna; 
Rosarito;  Santo  Domingo;  Miraflores;  San  Jose  del  Cabo;  Todos 
Santos;  Pescadero  (10  miles  south  of  Todos  Santos);  Santa 
Anita;  El  Cajoncito;  San  Francisco  Mountains. 

DRTOBATBS  SCALARIS  BRBMICnS,  new  sutepedes. 

Chars,  suhsp. — Similar  to  Dryohaies  scalaris  lucasanusy  but  lai^er; 
lower  surface  darker;  upper  parts  darker,  the  white  bars  on  back 
averaging  narrower  and  less  regular,  tlie  black  bars  wider;  black  bars 
on  posterior  lower  parts  averaging  somewhat  wider. 

Description. — Type,  adult  male.  No.  196255,  U.S.N .M.,  Biological 
Survey  collection;  San  Fernando,  Lower  Cahfornia,  Mexico,  Sep- 
tember 4,  1905;  E.  W.  Nelson  and  E.  A.  Goldman.  Crown  and  nape 
black,  the  feathers  of  the  former  subterminaUy  dull  white,  terminally 
poppy  red,  this  producing  a  mottled  effect  on  the  top  of  the  head, 
but  merging  into  a  solid  band  of  red  on  the  occiput  and  anterior 
hind  neck;  remaining  upper  parts  black,  all,  excepting  the  superior 
tail-coverts,  barred  with  white — these  white  bars  decidedly  nar- 
rower than  the  black  interspaces;  tail  black,  the  three  outer  pairs 
of  feathers,  including  the  dwarfed  outermost  one,  barred  with  white, 
except  on  basal  portion  of  inner  webs  of  the  third  pair,  but  the  outer 
vanes  of  the  second  (the  first  long  pair)  and  third  wholly  white 
basally;  the  fourth  pair  irregularly  barred  with  white  on  terminal 
portion  of  both  webs,  and  outer  vanes  broadly  margined  with  white 
for  most  of  the  rest  of  their  length;  wings  black,  with  numerous  spots 
of  white,  which,  on  tertials  and  some  of  the  large  upper  wing-coverts, 
become  fairly  well-defined  bars;  sides  of  head  and  neck  light 
smoky  brown,  the  superciliary  stripe  paler;  a  broad  postocular  and 
a  malar  stripe  of  black,  which  meet  on  the  side  of  the  neck;  nasal 
tufts  and  under  surface  light  smoky  brown;  the  lower  abdomen 
and  crissum  decidedly  whitish,  in  rather  abrupt  contrast;  sides  of 

I  T«Q  speolmeiis,  fmm  aoatham  Lower  CalUbmia.  >  Tm  specimfins,  tram  ttie  same  looallty. 
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breast  and  body  with  spots  of  black,  the  flanks  and  crissum  with  bars 
of  the  same;  lining  of  wing  white,  sparingly  spotted  with  black. 

Measurements. — ^Male:^  Wing,  104-111  (average,  106.6)  mm.; 
tail,  64-72  (68);  exposed  culmen,  24-28.5  (26.9);  tarsus,  19.6-21 
(20.4);  middle  toe,  13-15  (14). 

Female :»  Wing,  98.6-104.6  (101.4);  tail,  66-67.5  (66.9);  exposed 
culmen,  22.6-25.6  (23.9);  tarsus,  17.6-19.5  (18.9);  middle  toe,  13-14 
(13.4). 

Type-locality. — San  Fernando,  Lower  California. 

Geographical  distribution, — North  central  and  northwestern  Lower 
California:  north  to  Nachoguero  Valley,  northwestern  Lower  Cali- 
fornia; northeast  to  46  miles  east  of  San  Quintin;  south  to  Ubai 
and  Playa  Maria  Bay,  north  central  Lower  California. 

Specimens  examined,  29,  from  the  places  that  follow: 

Lower  California. — Ensenada;  Ubai;  San  Fernando;  Rosario; 
San  Simon  River,  near  San  Quintin;  45  miles  east  of  San  Quintin; 
San  Telmo;  Playa  Maria;  Playa  Maria  Bay;  Rancho  Layia; 
Nachoguero  VaUey. 

DRTOBATBS  SCALARIS  CACTOPHaUS.  new  satispeciee. 

Chars,  subsp. — ^Much  Uke  Dryobaies  scalaris  eremicus,  but  smaller, 
particularly  the  tail  and  bill;  lower  surface  lighter,  laterally  almost 
always  streaked  with  black;  upper  parts  lighter — the  black  bars 
on  back  and  scapulars  narrower;  wing-quiUs  with  larger  spots  and 
broader  bars  of  white;  outer  long  rectrices  with  exterior  webs 
barred  throughout  with  black;  black  bars  on  posterior  lower  surface 
narrower. 

Description. — Type,  adult  male.  No.  119415,  U.S.N.M.;  Tucson, 
Arizona,  November  30,  1890;  P.  L.  Jouy.  Crown  and  nape  black, 
the  feathers  of  the  former  subterminally  white,  terminally  scarlet 
vermilion,  this  producing  a  mottled  effect  on  the  top  of  die  head, 
but  merging  into  a  solid  band  of  red  on  the  occiput  and  anterior 
hind  neck;  rest  of  upper  surface  of  body  black,  sJl,  excepting  the 
superior  tail-coverts,  barred  with  white — these  white  bars  rather 
narrower  than  the  black  interspaces;  tail  black,  the  three  outer 
pairs  of  feathers,  including  the  dwarfed  outermost  one,  barred 
throughout  with  white,  the  fourth  pair  barred  with  white  on  terminal 
portion  of  inner  webs  and  on  all  but  a  small  basal  part  of  outer  webs; 
wings  black,  much  spotted  with  white,  this  forming,  on  tertials  and 
longer  wing-coverts,  fairly  well-defined  bars;  sides  of  head  and  neck 
pale  brownish,  with  a  postocular  and  a  malar  stripe  of  black,  which 
meet  on  the  side  of  the  neck;  nasal  tufts  and  lower  surface  dull 
light  smoky  brownish,  more  whitish  on  lower  abdomen  and  crissum; 
the  sides  of  breast  and  body  with  spots  and  some  streaks  of  black,  the 

1  Ten  specimeDS,  from  nortliem  Lower  Callfomia.  *  FIto  spedmeiis,  from  the  same  locaUty. 
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flanks  and  crissum  with  bars  of  the  same;  Uning  of  wing  white,  with 
spots  of  black. 

Measuremerds. — ^Male:^  Wing,  102-109  (average,  105.1)  mm.;  tail, 
67.5-68  (61.9);  exposed  cuhnen,  21.5-24.5  (23.1);  tarsus,  18-19.5 
(18.9);  middle  toe,  12.5-14  (13.2). 

Female:'  Wing,  97-104.5  (100.6);  tail,  56-63.5  (59.7);  exposed 
cuhnen,  17.5-22  (19.6);  tarsus,  16-18.5  (17.1);  middle  toe,  11.5-13 
(12.3). 

TypeAocdlUy. — ^Tucson,  Arizona. 

Oeographical  distribution. — Southwestern  United  States  and  north- 
westernr Mexico:  west  to  Guaymas,  southwestern  Sonora;  Cocopah 
Major  Mountains  and  Gardners  Laguna  on  Salton  River,  north- 
eastern Lower  California;  Vallecito,  Biverside,  and  Hesperia,  south- 
western California;  north  to  Victorville,  southwestern  California; 
eastern  base  of  Charleston  Mountains,  and  Vegas  Wash,  southern 
Nevada;  Santa  Clara,  southwestern  Utah;  Beaverdam,  northwestern 
Arizona;  Camp  Verde  and  Holbrook,  central  Arizona;  Glenwood, 
southwestern  New  Mexico;  Abiquiu,  middle  northern  New  Mexico; 
Corona,  central  New  Mexico;  and  Santa  Bosa,  central  eastern  New 
Mexico;  east  to  Montoya,  Fort  Sunmer,  and  the  Guadalupe  Moim- 
tainis,  eastern  New  Mexico;  Fort  Davis  and  Tomillo  Creek,  central 
western  Texas;  south  to  the  Chisos  Mountains,  central  western  Texas ; 
Rio  Sestin,  northwestern  Durango;  Nacori,  south  central  Sonora; 
Guaymas,  southwestern  Sonora;  and  Colony  (Colorado  Biver), 
northeastern  Lower  Califomia. 

From  Dryobates  scdlaris  bairdi  this  form  differs  in  its  much  less 
deeply  smoky  under  surface,  sometimes  with  lateral  black  spots 
(always  streaks  in  D.  s.  bairdi) ;  lighter  upper  parts — the  black  bars 
narrower,  the  white  bars  broader,  the  pileiun  with  more  white; 
wider  white  bars  on  wings;  larger  white  spots  on  remiges;  and  much 
larger  white  spots  on  outer  webs  of  primary  coverts.  It  may  be 
distinguished  from  Dryobates  scalaris  scalaris  by  its  much  greater  size ; 
paler  lower  surface,  which  has  usually  streaks  on  breast  and  sides, 
histea4  of  only  spots,  and  these  markings  of  black  heavier;  broader 
black  baJTB  on  upper  parts;  larger  white  spots  and  broader  white 
bars  on  remiges;  wider  postocular  and  malar  stripes,  the  latter  ex- 
tending quite  to  the  base  of  the  bill;  and  more  extensive  white  spots 
on  the  outer  webs  of  the  primary  coverts. 

The  birds  from  northwestern  Durango  are  somewhat  smaller  and 
darker  than  those  from  Arizona^  and  verge  thus  toward  Dryobates 
scalaris  centrophUus,^  but  seem  to  be  nearer  the  present  form.  Ex- 
amples from  Nacori  and  Bacadehuachy,  central  Sonora,  are  small 
and  dark,  and  incline  thus  toward  Dryobates  scalaris  agnus,  though 

1  Ten  Bpectmens,  from  Arisona  and  soatliem  Utah. 

*  Tw«nty-two  tpeotancDfl,  from  Arisona,  Soooca^and  northeastern  Lowar  Oalllnnitei 

*  See  p.  157. 


Digitized  by 


Google 


154  PROCEEDINGS  OP  THE  NATIONAL  MUSEUM,  vol.41. 

in  other  characters  they  are  like  Arizona  specimens.  In  central 
western  Texas  the  birds  are  as  small  as  Dryohates  scaiaris  sympUctuSj^ 
but  in  color  are  just  like  D,  8.  cdctophUus,  so,  since  color  is  the  most 
reliable  distinction  between  these  two  forms,  these  intermediates 
belong  with  the  latter. 

Birds  from  New  Mexico  and  Chihuahua  are  likewise  slightly  smaller 
than  those  from  Arizona.  In  northeastern  Lower  California  and  in 
southern  California  north  to  Palm  Springs  and  Needles  there  occur 
occasional  specimens  which  have  no  black  bars  on  the  outer  web  of 
the  outermost  long  rectrix,  indicating  intergradation  with  Dryohates 
scaiaris  eremicus;  and  the  writer  himself  in  times  past  has  identified 
some  of  these  as  Dryohates  scaiaris  lucasanus  (i.  e.,  D,  s.  eremicus). 
In  the  same  regions,  however,  there  are  also  birds  with  this  feather 
fully  barred;  and  all  have  the  lighter  colored  upper  parts  and  other 
characters  of  Dryohaies  scaiaris  cactophiluSf  to  which  race  it  is  now 
evident  that  they  belong.  This  disposition  makes  it  necessary  to 
expunge  Dryohaies  scaiaris  luca^anus  (i.e.,  Dryohates  scaiaris  eremicus) 
from  the  list  of  California  birds. 

Of  the  present  new  race,  202  specimens  have  been  seen,  from  the 
localities  that  follow: 
Arizona. — ^Beaverdam;  Phoenix;  Calabasas;  Fort  Verde;  Tucson; 
Gila  River;  Oracle;  Buenos  Ayres  (Pima  County) ;  La  Osa  (Pima 
County) ;  Santa  Cruz  River,  west  of  Patagonia  Mountains,  near 
the  Mexican  boundary  Hne;  Pinal  County;  Fort  Lowell;  Fort 
Whipple ;  Sturgis  WeU,  2  miles  west  of  Poso  Verde  (Pima  County) ; 
Lowell;  Fort  Huachuca;  Huachuca  Mountains;  Warsaw  Mills 
(Pima  County);  Cochise;  Fort  Yuma;  San  Bernardino  River  at 
Mexican  bomidary  hne;  San  Bernardino  Ranch,  Mexican  boun- 
dary line;  Santa  Catalina  Mountains;  San  Pedro,  5  miles  north 
of  Nogales;  Russellville  (Cochise  Coimty);  Colorado  River  at 
Monument  204,  Mexican  boimdary  line;  Fort  Buchanan;  Camp 
122,  Kennerly  and  Mdllhausen,  on  Bill  Williams  Fork,  below 
mouth  of  Rio  Santa  Maria. 
California, — Hesperia;  Needles;  Mountain  Spring,  near  Mexican 
boundary  line  (San  Diego  County);  Whitewater;  Vallecito; 
Walters  (Riverside  County);  La  Puerta  (San  Diego  County); 
Palm  Springs  (26  miles  southeast  of  Banning) ;  Mecca  (Riverside 
County). 
New  Mexico. — ^Albuquerque;  Organ  Mountains;  Silver  City;  Cliff; 
Santa  Rosa;  Deming;  Abiquiu;  Apache;  Fort  Cunmiings;  San 
Francisco  River;  Socorro;  Hachita;  Lone  Mountain ;  Carrizalillo 
Spring;  Chambenno;  Redrock;  western  side  of  San  Luis  Moun- 
tains; Los  Pinos;  Diy  Canyon  (Otero  County);  Lake  Valley. 

t8eep.lfiS. 
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Texas. — Fort  Davis;  El  Pa8o;  Presidio  County;  Davis  Mountains, 
20  miles  southwest  of  Toyahvale;  Chisos  Mountains;  Fort  Han- 
cock; mouth  of  Tomillo  Creek  (near  Boquillas);  26  miles  south 
of  Alpine. 

I7toA.— nSanta  Clara. 

CTiihudhua. — Colonia  Diaz;  Colonia  Juarez;  Casas  Grandes;  San 
Diego;  Chihuahua  City;  Boca  Qrande. 

Durango. — Cienega  de  las  Vacas;  Rio  Sestin;  Las  Bocas;  Rancho 
Baillon;  Rosario. 

Lower  California. — Gardners  Laguna,  Sal  ton  River;  Cocopah  Major 
Mountains;  Colony,  lower  Colorado  River;  lower  Colorado  River, 
above  Colony. 

Sonora. — Magdalena;  Bacadehuachy;  Sonoyta,  1  mile  south  of 
Nogales;  Poso  de  Luis;  Colorado  River,  below  Colonia  Diaz; 
Oputo;  Nacori;  Guaymas;  Santa  Cruz. 

DRTOBATES  SCALARIS  8YMPLECTUS,  new  sutMpades. 

Chars,  suhsp. — Resembling  Dryohates  scdlaris  atctopJiiluSy  but  male 
smaller;  upper  parts  lighter,  the  white  bars  wider,  the  black  bars 
narrower,  and  with  more  white  on  pileum;  and  sides  of  breast  less 
often  streaked  (mostly  spotted). 

Description. — ^Type,  adult  male.  No.  140730,  U.S.N.M.,  Biological 
Survey  collection;  mouth  of  Nueces  River,  Texas,  November  21, 
1891;  WiUiam  Lloyd.  Crown  and  nape  black,  the  feathers  of  the 
former  subterminally  white,  terminally  scarlet  vermiUon,  this  pro- 
ducing a  mottled  appearance  on  the  top  of  the  head,  but  merging 
into  a  soUd  band  of  red  on  the  occiput  and  anterior  hind  neck;  rest  of 
upper  surface  of  body  black,  all,  except  superior  tail-coverts,  broadly 
barred  with  white — these  white  bars  broader  than  the  black  inter- 
spaces; tail  black,  the  three  outer  pairs  of  feathers,  including  the 
dwarfed  outermost  one,  barred  throughout  with  white;  the  fourth 
pair  barred  terminally  on  inner  vane,  and  for  distal  half  on  outer  vane, 
and  spotted  on  basal  part  of  outer  vane,  with  white;  wings  black, 
much  spotted  with  white,  this  forming,  on  tertials  and  some  longer 
wing-coverts,  fairly  well-defined  bars;  sides  of  head  and  neck  brown- 
ish white,  with  a  postocular  and  a  malar  stripe  of  black,  which  meet 
on  the  side  of  the  neck;  nasal  tufts  and  lower  surface  dull  Ught  brown- 
ish, the  sides  of  breast  and  body  with  spots  of  black,  the  flanks  and 
crissum  with  bars  of  the  same;  lining  of  wing  white,  with  spots  of 
black. 

MeasuremeTUs. — ^Male:^  Wing,  98-107  (average,  102.3)  mm.;  tail, 
53.5-60.5  (56.9);  exposed  culmen,  20-24  (22.4);  tarsus,  16-18.5)  17.7); 
middle  toe,  12-13.5  (12.6). 

1  Eighteen  spedmens,  from  Texas,  Tamaulipas,  and  Nuevo  Leon. 
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Female:*  Wing,  96.5-105  (100.4);  tail,  52.5-60.5  (56.9);  exposed 
culmen,  18-21  (20.3);  tarsus,  16.5-18.5  (17.3);  middle  toe,  11-13 
(12.1). 

Type^ocality, — ^Mouth  of  Nueces  River,  Texas. 
Geographical  distrUmtion, — ^Middle  southern  United  States  and 
northeastern  Mexico:  south  to  Calhoun  County,  southeastern  Texas; 
Xicotencatl,  southern  Tamaulipas;  and  Monterey,  central  western 
Nuevo  Leon;  west  to  Santa  Catarina,  central  western  Nuevo  Leon; 
Sabinas,  northeastern  Coahuila;  Samuels,  Fort  Lancaster,  Grand 
Falls,  Gail,  and  Tascosa,  western  Texas;  and  Saint  Charles  Canyon, 
southeastern  Colorado;  north  to  Swink,  southeastern  Colorado; 
Mcdellan  Creek  (Gray  County),  Vernon,  and  Gainesville,  northern 
Texas;  east  to  Springfield,  southeastern  Colorado;  Smith  County 
and  Houston,  eastern  Texas;  San  Fernando  de  Presas,  and  Soto  la 
Marina,  eastern  Tamaulipas. 

This  new  subspecies  differs  from  Dryohates  scalaris  bairdi,  from 
Hidalgo,  much  as  does  Dryohates  scalaris  cactophiLus,  except  that  it 
is  smaller,  and  still  more  extensively  white  on  all  the  upper  parts. 

This  race  reaches  its  extreme  development  in  Texas;  and  specimens 
from  central  Tamaulipas  and  central  Nuevo  Leon  are  not  so  light 
above,  showing  a  tendency  toward  Dryohates  scalaris  hairdi.  They 
are  also  somewhat  more  smoky  below.  There  is,  however,  no  diflfer- 
ence  in  size  between  examples  from  Texas  and  Tamaulipas. 

Of  this  form,  170  specimens  have  been  examined,  the  following 
locaUties  being  represented: 

Colorado. — Saint  Charles  Canyon  (Pueblo  County). 
Texas. — ^Mouth  of  Pecos  River;  Eagle  Pass;  Dan  Diego;  Vernon; 
Kerrville;  Samuels;  Seguin;  7  miles  west  of  Camp  Verde;  Rio 
Grande  City;  Cameron  County;  mouth  of  Devils  River;  Blocker's 
ranch,  San  Lorenzo  Creek  (Dimmitt  County);  Langtry;  Del 
Rio;  Colorado;  Fort  Clark;  Brownsville;  San  Antonio;  Laredo; 
Boeme;   Concho   County;   Eastland;   Lomita;   Nueces   River; 
Comanche  County;  Cisco;  Corpus  Christi;  Hidalgo;  Brownwood; 
Dallas;  Leon  Springs;  Mud  Creek  (Val  Verde  County);  Aransas 
River;  Santa  Maria;  Bexar  County;  Kendall  County;  mouth  of 
Nueces  River;  Uvalde;  Coleman  County. 
CoahiHa. — Sabinas. 
Nuevo  Leon. — Rodriguez;  Santa  Catarina;  Monterey;  San  Juan 

Ranch;  Boquillo. 
TamavMpas. — Forlon;  Villagran;  Soto  la  Marina;  Mier;  Camargo; 
Matamoros;  Xicotencatl;  Rio  del  Pilon;  Victoria;  San  Fernando 
de  Presas. 

1  Nineteen  specimens,  from  Texas  and  Tamanlipafc 
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DRTOBATBS  8CALARIS  CBNTROPHILUS,  new  subapedak 

Chars.  8vJ>8p. — Similar  to  Dryobates  scalaris  symplectus,  but  bill 
shorter;  lower  surface  darker,  laterally  always  streaked  with  black; 
also  sides  of  head  and  neck  more  deeply  smoky;  upper  parts  much 
darker,  the  white  bars  decidedly  narrower,  the  black  ones  broader; 
white  bars  on  wing-quiUs  much  narrower,  the  white  spots  much 
smaller,  and  with  less  white  on  pileum;  outer  webs  of  primary  coverts 
with  much  smaller  spots  of  white. 

Description, — ^Type,  adult  male.  No.  155991,  U.S.N.M.,  Biological 
Survey  collection;  Ameca,  Jalisco,  Mexico,  March  3,  1897;  E.  W. 
Nelson  and  E.  A.  Goldman.  Crown  and  nape  black,  the  feathers  of 
the  former  subterminally  white,  terminally  scarlet  vermilion,  this 
producing  a  mottled  effect  on  the  top  of  the  head,  but  merging  into 
a  solid  band  of  red  on  the  occiput  and  anterior  hind  neck;  rest  of 
upper  body  surface  black,  all,  except  the  superior  tail-coverts,  barred 
with  white — these  white  bars  decidedly  narrower  than  the  black 
interspaces;  tail  black,  the  three  exterior  pairs  of  feathers,  including 
the  dwarfed  outermost  one,  barred  throughout  with  white  except  on 
basal  portion  of  inner  web  of  third  pair;  the  fourth  pair  barred  on 
most  of  outer  vane  and  on  terminal  portion  of  inner  vane  with  white; 
wings  black,  much  spotted  with  white,  this  forming,  on  tertials  and 
longer  wing-coverts,  fairly  well-defined  bars;  sides  of  head  and  neck 
pale  brownish,  with  a  postocular  and  a  malar  stripe  of  black,  which 
meet  on  the  side  of  the  neck;  nasal  tufts  and  entire  imder  parts  rather 
light  smoky  brown,  the  lower  abdomen  and  crissum  whitish;  the  sides 
of  breast  and  body  with  streaks  of  black;  the  flanks  and  crissum  with 
bars  of  the  same;  lining  of  wing  white,  with  spots  of  black. 

Measurements. — ^Male:^  Wing,  lOQ-105  (average,  102.4)  mm.; 
tail,  66-63.5  (57.7);  exposed  culmen,  19.5-23  (20.9);  tarsus,  16.5-17.5 
(17.1);  middle  toe,  11.5^13  (12.3). 

Female :»  Wing,  97-103.5  (99.6);  tail,  54-62.5  (56.9);  exposed 
culmen,  16.5-18  (17.5);  tarsus,  16-17  (16.4);  middle  toe.  10.5-12 
(11.4). 

Type-locality. — ^Ameca,  Jalisco,  Mexico. 

Geographical  distrilmtion. — Central  western  Mexico:  north  to  Du- 
rango,  southern  Durango;  east  to  San  Juan  Capistrano,  central  west- 
em  Zacatecas;  Bolafios,  northern  Jalisco;  Ocotlan,  central  eastern 
Jalisco;  and  Patamban,  northwestern  Michoacan;  south  to  Uruapam, 
northwestern  Michoacan;  and  Sierra  Nevada  de  Colima,  southern 
Jalisco;  west  to  near  Mascota,  western  Jalisco;  and  Arroyo  de  Javilan, 
southern  Tepic. 

1  Six  spedmeDB,  from  the  Mexican  States  of  Jallsoo,  Zacatecas,  and  southem  Durango. 
*  Seven  spedmens,  from  the  Mexican  States  of  Jallaoo  and  Michoacan. 
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From  Dryohates  scalaris  cactophUus  this  form  may  be  distinguished 
by  smaller  size;  more  deeply  colored  ventral  surface,  with  only  streaks 
(no  spots)  on  the  sides  of  the  breast;  darker  upper  parts,  the  white 
bars  slightly  narrower,  the  black  ones  somewhat  broader;  and 
smaller  white  spots  on  outer  webs  of  primary  coverts.  It  diflFers  from 
Dryobates  scalaris  sinaloensis  in  its  much  greater  dimensions;  lighter 
under  surface;  entirely  black-barred  outer  web  of  outermost  long 
rectrix;  wider  postocular  and  malar  stripes,  the  latter  not  obsolete 
at  base  of  bill ;  somewhat  broader  black  bars  on  upper  parts;  and  wider 
black  bars  on  the  tail-feathers.  Compared  to  Bryohates  scalaris 
azeluSj  it  is  very  much  larger;  has  the  outer  web  of  outermost  long 
rectrix  barred  throughout  with  black;  the  breast  and  sides  streaked, 
instead  of  spotted,  but  less  heavily  thus  marked;  wider  postocular 
and  malar  stripes,  the  latter  always  extending  to  the  base  of  the  bill; 
somewhat  broader  black  bars  above;  and  somewhat  more  white  on 
outer  webs  of  primary  coverts.  It  may  be  separated  from  Dryobates 
scalaris  scalaris  by  its  decidedly  greater  size;  streaked  instead  of  spot- 
ted, and  more  heavily  thus  marked  sides  of  breast;  broader  black 
bars  on  upper  surface;  wider  postocular  and  malar  stripes,  the  latter 
not  obsolete  at  the  base  of  the  bill. 

Specimens  from  La  Pisagua,  Jalisco,  are  of  the  same  size  as  the 
present  form,  but  are  more  extensively  white  above,  and  in  this,  as 
well  as  other  respects,  appear  to  be  somewhat  intermediate  between 
Dryobates  s.  centrophilus  and  Dryobates  s,  azelus,  though  nearer,  of 
course,  to  the  former.  Birds  from  Aguas  Calientes  *  we  have  not  seen, 
and  they  may  belong  to  either  Dryobates  scalaris  centrophilus  or  Dry- 
obates scalaris  bairdi. 

Eighteen  examples  have  been  available,  from  the  Mexican  locali- 
ties below: 

Durango. — Durango. 

Jalisco. — ^Atemajac  (north  of  Guadalajara);  Ocotlan;  Ameca;  La 
Pisagua;  Las  Canoas;  Guadalajara. 

Michoacan. — Patamban;  Uruapam. 

Tepic. — ^Arroyo  de  Gavilan  (near  Amatlan). 

Zacateca^. — San  Juan  Capistrano. 

DRTOBATBS  SCALARIS  BAIRDI  (BCidlieriM). 

PicuB  bairdi  Malherbb,  Mod.  Picid^s,  vol.  1,  1861,  p.  118,  pi.  27,  figs.  7,  8 
(Sclater  MS.). 

Chars,  subsp. — Resembling  Dryobates  scalaris  cerUrophUus,  but 
somewhat  larger;  ventral  surface  darker;  black  bars  on  the  back 
broader;  and  postocular  stripe  wider. 

Measurements. — ^Male:^  Wing,  102-107.5  (average,  104.4)  mm.; 
tail,  56-62.5  (60.1);  exposed  culmen,  20-23.5  (22.1);  tarsus,  17-18.5 
( 17.7) ;  middle  toe,  12-14  ( 12.7) . 

1  Hargltt,  Cat.  Birds  Brit.  Mus.,  vol.  18, 1890,  p.  248. 

I  SeTen  speolmena,  Crom  the  lleadoan  States  of  Hidalgo,  Ooanajuato,  CoaboUa,  and  San  Luis  Pototi. 
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-  Female:*  Wing,  97.5-103  (101.7);  tail,  57-62  (59.8);  exposed 
culmen,  ^9.6-20.5  (20);  tarsus,  16-17  (16.8);  middle  toe,  12-13 
(12.3). 

Type4ocaMty. — "Mexico":  i.  e.,  the  State  of  Hidalgo. 

Oeoffraphical  distribution. — Central  Mexico :  north  to  Jaral,  southern 
Coahuila;  east  to  La  Ventura,  southeastern  Coahuila;  Pachuca,  south- 
em  EQdalgo;  and  Chalchicomula,  central  eastern  Puebla;  south  to 
Puebla  and  Atlixco,  central  western  Puebla;  and  Mexico  City,  east- 
em  Mexico  (State);  west  to  Silao,  southwestern  Guanajuato;  Ahua- 
lulco,  southwestern  San  Luis  Potosi;  and  Cedros,  northeastern 
Zacatecas. 

The  present  subspecies  may  be  distinguished  froni  Dryohates 
scalaris  scalaris  by  its  much  greater  size;  darker  ventral  surface,  with 
stredksj  instead  of  spots,  on  breast  and  sides,  and  these  markings 
heavier;  darker  upper  surface,  the  black  bars  much  wider — of 
about  the  same  width  as  the  white  bars — the  pileum  with  less 
white;  and  broader  postocular  and  malar  stripes,  the  latter  reaching 
to  the  bill. 

The  birds  from  the  Valley  of  Mexico,  although  not  examincid  in  the 
present  connection,  belong  doubtless  to  this  form.  The  Picas  lairdi 
of  Malherbe,'  described  from  simply  "  Mexico,"  is  clearly  the  bird  from 
the  State  of  Hidalgo,  as  his  description,  remarks,  and  plate  conclu- 
sively show,  and  to  this  we  therefore  restrict  the  name  lairdi. 

Of  this  form,  13  examples  have  been  examined,  from  the  localities 
that  follow : 

Coahuila. — ^La  Ventura;  Cameros;  Jaral. 

Quanajuaio. — Silao. 

Hidalgo. — ^Tula;  Pachuca. 

Puebla. — Chalchicomula;  Puente  Colorado. 

San  Lids  Potosi. — Hacienda  La  Parada;  Ahualulco. 

>  six  specimens,  from  the  States  of  Hidalgo.  Puebla,  Coahuila,  and  San  Luis  Potosi,  Mexico, 
s  icon.  Picid^,  vol.  1, 1861,  p.  118,  pi.  27,  figs.  7, 8. 
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DESCRIPTIONS  OF  RECENTLY  DISCOVERED  CLADOCERA 
FROM  NEW  ENGLAND. 


By  Alfred  A.  Doolittlb, 
Of  the  Central  High  School,  WaMngton,  Dittriet  of  Columbia. 


The  collections  of  Entomostraca  made  by  the  writer  for  the  United 
States  Bureau  of  Fisheries  in  its  investigations  of  the  New  England 
lakes  contain  several  Cladoceran  forms  which  seem  to  be  new.  This 
paper  describes  more  fully  and  with  drawings  a  recently  established 
genus  and  its  type-species  and  another  recently  discovered  species  of 
a  different  family,  a  preliminary  diagnosis  of  which  has  already 
appeared.^ 

Family  LYNCODAPHNHDiE. 

Genus   PAROPHRYOXUS   Doolittle. 

Parophryoxus  Dooltitle,  Proc.  Biol.  Soc.  Washington,  vol.  22, 1909,  p.  153. 

This  genus  is  erected  to  include  the  new  species  P.  tvhulaba8  Doo- 
littlC;  described  below. 

Female. — Form  ellipsoidal;  dorsal  and  ventral  margins  convergent 
and  produced  posteriorly;  posterior  margin  a  small  fraction  of  great- 
est height.  Upper  or  dorsal  posterior  angle  often  prominent,  but  not 
produced  as  a  spine.  Ventral  margin  sinuate,  middle  third  setif  erous. 
Head  viewed  lateraUy,  evenly  rounded;  produced  into  distinct  beak. 
Cervical  sinus  present.  Fornix  well  developed,  with  a  horizontal 
portion  running  over  base  of  second  antenna  and  eye,  and  a  vertical 
portion  running  well  toward  end  of  rostrum,  resembling  Ophryoxus. 
A  median  keel  from  tip  of  rostrum  to  posterior  end  of  test.  Sides  of 
test  concave. 

Eye  moderate;  macyia  nigra  or  ocellus  quadrangular,  situated  in 
base  of  rostrum;  smaller  than  eye.  First  antennad  or  antennules 
attached  to  apex  of  rostrum;  long,  cylindrical;  a  sensory  seta  near 
base  of  each,  and  several  unequal  olfactory  setsB  distally;  otherwise 
without  conspicuous  armature.  Second  antenna  with  basal  seg- 
ment annulated,  and  with  two  setsB  and  one  spine;  rami  with  setas 
W^9  spines  ^W;  setae  and  rami  about  equal,  reaching  to  posterior 
tlurd.    Labrum  with  anterior  and  posterior  lobes  encircling  an  open- 

>  New  Qadocera  from  New  England.    Proo.  Btol.  Soc  Washington,  vol.  22,  pp.  163-156,  July  28, 1909. 
PR0CEE0INQ8  U.  S.  NATIONAL  MUSEUM,  VOU  41~N0.  1  848. 
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ing,  the  labrum  thus  appearing  fenestrated.  Maxillad  with  three 
teeth.  Thoracic  appendages  or  legs  six,  conforming  closely  to  family 
type.  Postabdomen  long,  tapering,  triangular;  armature  very  weak, 
consisting  of  a  double  row  of  a  few  tiny  spines  distally  upon  upper  or 
posterior  border,  and  laterally  of  a  few  fasciculi  of  spicules.  Caudal 
claw  long,  sUghtly  curved,  with  two  small  spines  at  base;  claw  cili- 
ated on  both  concave  and  convex  borders. 

Intestine  coiled,  hepatic  caeca  present. 

Male. — Form  similar  to  female.  First  antennae  or  antennules 
each  with  long  sensory  seta;  second  antennae  each  with  additional 
seta  upon  each  of  the  first  and  second  segments  of  the  lower  or  inner 
ramus,  therefore,  setae  Wi->  spines  W^'  Hook  upon  first  leg. 
Postabdomen  almost  smooth;  sperm  duct  terminal. 

Though  resembling  Ophryoxus  in  side  view  quite  remarkably,  it 
is  necessary  to  establish  this  genus  as  the  following  parallel  shows. 


Parophryonu, 


0]^irpoxu8. 


General  aspect 

Head 

Dorsal  margin 

Ventral  margin 

Posterior  margin , 

Sides 

Keel 

Antennules 

AntennsB.  female 

Labnim 

First  leK 

Fostabaomen 

Caudal  claw , 

Rectal  cseca 

Oi>ening  of  sperm  duct. 


ElUpeoidai 

Evenly,  oonTozly  rounded 

Sloping  downward  and  produced  with- 
out spine. 

Sinuate,  middle  third  setigerous 

Low,  and  at  end  of  tubular  extension . 

Concave 

On  head  and  body 

Almost  smooth 

003'  *^         001 
Without  fleshy  organs,  fenestrated. . . 

Without  maxillary  process 

Armature  obsolescent 

Convex  border  ciliated 

Absent 

Terminal 


Quadrangular. 

Truncated,  concave. 

Directed  iq>ward  and  with  prominent 

spine. 
Straight,  setigerous  throufi^oat. 
High,  no  extension  of  test. 
Convex. 
Lacking. 
Heavily  bristled. 

Set««^»  mines  0101 
Bete  ^  spines-^. 

With  fleshT  organs,  not  fanestratod. 

With  maxfilary  process. 

Armature  very  strong. 

Convex  border  smooth. 

Present. 

Middle  of  anterior  border. 


Type-species. — P.  tubvlatus  Doolittle. 

The  name  was  chosen  to  indicate  its  relationship  to  other  Lyn- 
codaplmiidre  by  Prof.  E.  A.  Birge,  to  whom  also  the  writer  is  in- 
debted for  calling  his  attention  to  the  proper  place  among  the 
Cladocera  of  specimens  of  this  genus  and  to  important  characteristics. 

PAROPHRYOXUS  TUBULATUS  Doolittle. 

Plates  13,  14,  15,  and  16. 

Parophryoxus  tuhulatia  Doolittle,  Proc.  Biol.  Soc.  Washington,  vol.  22,  1909, 
p.  153. 

Female. — ^Length  1.15  mm.;  height  one-half  to  two-thirds  the 
length.  General  form,  long  ovaJ.  Upper  and  lower  margins  curved 
nearly  synmietrically;  however,  the  middle  third  of  lower  mai^in 
flattened,  sinuate,  bearing  ciUated  setsB,  long  in  the  middle  part  and 
diminishing  rapidly  anteriorly  and  posteriorly.  The  convergent 
dorsal  and  ventral  margins  and  two  sides  produced  to  form  a  rather 
conspicuous  tube  posteriorly,  the  open  end  of  which  constitutes  the 
free  posterior  margin.    Posterior  margin  one-fifth  to  one-seventh  of 
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greatest  height;  ciliated.  Upper  angle  sometimes  accentuated, 
especially  in  immature  specimens,  but  never  spined.  Width  from 
side  to  side  one-fourth  length;  suddenly  narrowing  anteriorly  at 
head,  and  more  gradually  posteriorly  at  the  tubular  part.  Keel  low, 
of  uniform  height  throughout.  Upper  and  lower  margins  of  the  con- 
cavity of  sides  thickened  to  form  obvious  ridges  as  seen  from  the 
front,  and  traceable  upon  the  sides  of  the  test  in  lateral  and  dorsal 
views.  The  opening  or  gape  between  the  valves  ventrally,  rhom- 
boidal  or  lozenge-shaped  in  anterior  two- thirds,  with  sides  of  the  figure 
equal,  straight;  angles  well  defined.  In  posterior  one-third,  that  is, 
in  the  tubular  portion,  margins  of  valves  ventrally  parallel  and 
nearly  touching.     Test  marked  with  deUcate  hexagonal  meshes. 

Outline  of  head  in  side  view  semicircular;  rostrum  truncated. 
The  horizontal  limb  of  formx  arising  opposite  the  cervical  sinus, 
curving  upward  over  base  of  second  antenna  and  eye,  then  curving 
downward  with  sUght  siuuosity  almost  to  end  of  rostrum,  very  similar 
to  the  course  taken  in.  Ophryoxus.  Viewed  from  above,  fornix  broad 
with  parallel  sides;  from  the  front,  narrowed.  Eye  moderate  in  size, 
with  few  facets;  macula  nigra  or  ocellus  nearly  as  large  as  eye,  in  base 
of  rostrum.  First  antenna  or  antennule  cylindrical,  slightly  smaller 
in  middle  than  at  ends,  the  base  swollen  posteriorly;  length  ten  times 
average  diameter;  lateral  seta  one-fourth  distance  from  base;  three  of 
the  terminal  olfactory  setsd  long,  subequal,  about  two-thirds  length 
of  antennule,  and  four  times  the  length  of  the  remaining  six  setsd. 
Each  antennule  with  two  longitudinal  rows  of  seven  or  more  equidis- 
tant minute  denticles;  from  side  view  one  row  appearing  near  anterior 
border,  and  one  row  near  the  posterior  border.  Second  antenna  long, 
basal  segment  annulated,  bearing  upon  a  tubercle  at  the  middle  of 
upper  border  two  deUcate  setae  with  fleshy  first  joints;  distally  upon 
lower  border  a  strong  spine.  Rami  armed  typically  for  females  of 
the  genus;  rami  reaching  to  end  of  antennules  or  to  first  third  of  test; 
setae  equaling  the  rami,  reaching  to  posterior  third  of  test.  The 
anterior  lobe  of  labrum  slender,  backwardly  curved;  the  posterior 
lobe  also  slender,  but  anteriorly  curved  or  hooked,  almost  touching 
the  anterior  lobe,  thus  inclosing  an  oval  space  or  f  enestrum,  opposite  to 
the  mandibles,  of  the  size  and  orientation  of  their  grinding  surfaces, 
so  that  the  mandibles  oppose  each  other  through  the  opening.  Man- 
dibles without  noteworthy  features.  Maxillae  with  basal  arm  nar- 
rowed distally;  teeth  three,  set  at  an  angle  of  60°  with  base,  subequal, 
distal  largest,  and  its  convex  border  sparsely  ciliated. 

Thoracic  appendages  or  legs,  six  similar  to  those  of  other  Lynco- 
daphniidae,  especially  Ophryoxus  gratis  G.  O.  Sars,  yet  di£fering 
from  Ophryoxus  and  agreeing  witix  all  other  genera  of  the  family 
in  the  absence  of  ^the  maxillary  process  upon  the  first  pair.  The 
spines  and  seta^  of  the  first  leg  are:  upon  the  protopodite,  a  cluster 
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of  hairs  and  two  ciliated  setas;  upon  exopodite,  one  short  and  one 
long  seta;  anterior  or  outer  branch  of  endopodite  encircled  with 
three  rows  of  short  stiff  hairs,  three  strong  terminal  setaB,  one  of 
them  two-segmented;  the  posterior  or  inner  branch  of  endopodite 
plainly  three-lobed,  each  lobe  bearing,  respectively,  beginning 
anteriorly,  two  short  heavy  ciliated  setae  or  spines,  three  still  stronger 
ciliated  spines,  and  four  more  delicate  two-segmented  set».  The 
second  to  fifth  legs  almost  identical  with  those  of  OpTiryoxus,  but 
with  the  geniculate  setae  upon  maxillary  processes  of  third,  fourth, 
and  fifth  very  strongly  developed.  Sixth  leg  asynoimetrical;  on  lower 
posterior  border  a  protuberance  with  two  fasciculi  of  long  cilia, 
ventrally  a  row  of  cilia;  on  anterior  border  cilia,  fitne  and  numerous 
below,  sparse  and  stronger  above. 

The  postabdomen  slender  and  triangular,  the  two  converging 
borders  irregularly  sinuous;  about  three  short  spines  upon  the  flexible 
basal  part  of  the  superior  or  posterior  border;  anal  setae  two,  sparsely 
ciliated;  further  armature  lacking,  except  for  double  row  distally  of 
about  eleven  small  obsolescent  spines,  and  laterally  two  or  three  fas- 
ciculi of  five  to  eight  delicate  cilia  each,  forming  a  line  approximately 
parallel  to  the  posterior  border.  Terminal  claw  long,  nearly  or  quite 
half  the  length  of  postabdomen,  evenly  but  slightly  curved;  at  base 
two  small  subequal  teeth,  the  distal  larger;  externally  at  base  a  row 
of  six  small  denticles,  distal  to  which  the  row  is  continued  to  the  tip 
with  delicate  cilia;  internally  there  is  a  similar  row,  but  with  a  group 
of  larger  cilia  instead  of  denticles;  on  convex  border  a  row  of  cilia, 
distinct  at  base,  but  smaller  and  appressed  to  the  claw  toward  the 
tip. 

Intestine  flexed  once  upon  itself  and  coiled  once  in  the  body;  he- 
patic caeca  small;  rectum  large  without  caeca. 

Male. — Immature  males  only  have  been  collected.  The  most 
advanced  specimens  are  assumed  to  show  most  clearly  the  male 
structure. 

Form,  proportion,  and  general  structure  essentially  as  in  females 
of  equal  development,  with  the  following  distinctive  details.  First 
antennae  or  antennules  with  conspicuous  offset  or  prominence  as  in 
Bosmirui,  on  anterior  margin,  one-fourth  distance  from  base,  the  angle 
of  which  bears  a  seta  reaching  well  toward  end  of  antennule.  The 
anterior  border  of  antennule  distal  to  offset,  with  five  to  eight  slight 
notches  or  traces  of  segmentation  in  youngest  specimens.  Second 
antennae  or  antennae  proper  with  seta  upon  the  proximal  segment 
of  lower  or  inner  ramus  reaching  just  to  or  beyond  the  seta  upon  the 
penultimate  segment,  these  two  setae  being  distinctive  for  males. 

The  hook  of  first  thoracic  leg  strong,  slightly  curved.  The  number 
of  obsolescent  spines  or  spicules  of  posterior  or  distal  border  of 
postabdomen  reduced  to  about  three.    In  some  of  the  most  advanced 
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specimens  the  end  of  the  postabdomen  has  withdrawn  or  shrunken 
from  the  exoskeletal  sheath,  apparently  showing  the  opening  of  the 
sperm  duct,  developing  for  a  molt  soon  to  occur,  terminal  and  dorsal 
to  the  caudal  claw. 

Color  light  yellow;  test  and  tissues  transparent. 

Measurements  of  an  egg-bearing  specimen  taken  from  Anonymous 
Pond  (Crystal  Lake),  Maine,  United  States  of  America,  are: 


Length 1.14 

Maximum  height 82 

Posterior  height 12 

Meshes,  diameter 021-  018 

Eye,  diameter 0137 


Antennules,  length 0.20 

Antennules,  diameter 02 

Postabdomen,  length 24 

Terminal  claw,  length 12 

Ocellus,  diameter 0112 


Type.— Ceit.  No.  42781,  U.S.N.M. 

Type-localih/. — Anonymous  Pond  (Crystal  Lake),  Maine,  Septem- 
ber 5,  1908. 

Occurrence. — ^Taken  frequently  and  singly  in  weedy  shallow  parts 
of  Umbagog  Lake,  Maine  and  New  Hampshire,  August,  1905;  Sebago 
Lake,  Maine,  July,  August,  September,  1906,  1907,  1908;  Anony- 
mous Pond,  Maine,  September,  1908. 

Family  CHYDORIDiE  Leach  (LYNCEIDiE  Baird). 

CHTDORUS  BICORNTTTUS  DoolltUe. 

Plates  17,  18,  and  19. 

ChydoTus  Mcomutua  Dooltttle,  Proc.   Biol.  Soc.  Washington,  vol.  22,  1909» 
p.  154. 

Female. — Length  of  body  0.50  to  0.62  mm.;  height  of  body  five- 
sixths  the  length.  General  form  from  side  view  circular  oval,  some- 
what truncated  posteriorly,  posterior  margin  sparsely  spined.  Ven- 
tral margin  sinuate,  with  sharp  ventral  curvature  at  the  middle; 
setigerous  margin  turned  inward,  with  short,  delicate  ciliated  setsB 
interlocking  across  the  ventral  opening  or  gape  between  the  valves. 
Seen  from  above,  body  nearly  twice  as  long  as  broad,  oval,  broadest 
at  middle,  rounded  broadly  anteriorly,  tapering  posteriorly.  In 
front  view  general  form  oval,  broadest  at  upper  one-fourth,  dorsal 
margin  slightly  concave  on  each  side.  The  ventral  margins  of  the 
valves  nearly  approximate  in  posterior  one-third,  but  slightly  diver- 
gent at  posterior  one-third  and  running  forward  nearly  parallel. 

The  form  of  the  test  of  the  body  proper  is  modified  by  a  most 
extraordinary  exoskeletal  development  of  horns,  ridges,  and  deep 
rectangular  and  hexagonal  cells,  of  which  the  exoskeletal  develop- 
ment of  C.faviformis  Birge  gives  a  suggestion.  From  the  middle  of 
each  valve  of  the  test  there  stands  out  horizontally  a  large  horn, 
slightly  curved  posteriorly.  This  horn  varies  in  length  from  one-fifth 
of  to  a  little  more  than  the  width  of  the  body.    From  this  obvious 
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structural  feature  the  species  has  derived  its  specific  name.  From 
this  horn  there  originate  two  sets  of  ridges,  one  running  anteriorly 
and  one  dorsally.  Taking  their  origin  well  toward  the  tip,  one  on  the 
upper  or  dorsal  margin  of  the  horn  and  another  on  the  lower  or 
ventral  margin,  there  run  forward  two  ridges  of  the  first  set.  The 
upper  one,  the  superior  spinal  ridge,  continuing  across  the  base  of  the 
rostrum  merges  with  other  ridges  which  have  a  downward  course  and 
disappears  at  the  tip  of  the  rostrum.  The  lower  one,  the  inferior  spi- 
nal ridge,  also  passes  forward;  it  diminishes  in  height  and  merges 
with  the  general  level  of  the  honeycomb  cells  at  the  upper  end  of  the 
anterior  border  of  the  valve.  The  space  thus  bounded  by  the  supe- 
rior and  inferior  spinal  ridges  of  each  side,  the  lateral  spinal  cleft,  is 
free  of  structures.  Similarly  there  run  dorsally  from  horn  to  horn 
two  ridges  of  the  second  set,  the  anterior  and  the  posterior  inteiv 
spinal  ridges,  taking  their  origins  halfway  to  the  tip  of  the  horn, 
bounding  the  interspinal  cleft,  which  runs  from  horn  to  horn  over  the 
back.  This  cleft  also  is  free  from  structures  and  divides  the  dorsum 
into  anterior  and  posterior  portions.  In  the  middle  of  the  space 
anteriorly  is  a  clearly  defined  area,  to  be  called  the  anterior  dorsal 
area,  bounded  laterally  by  high  dorsal  ridges  which  converge  ante- 
riorly with  sharp  lateral  and  apical  angles.  This  area  is  divided 
into  large  cells.  The  arrangement  of  these  cells  usually  conforms 
to  the  following  plan:  occupying  the  anterior  angle  is  a  single  cell, 
then  four  transverse  rows  of  cells  with  two  and  three  cells  in  each 
row  alternating;  behind  the  last  of  these  rows  is  a  large  pentagonal 
cell,  and  between  this  cell  and  the  anterior  interspinal  ridge  b  a  row 
of  several  smaller  cells. 

From  the  antero-lateral  angles  of  the  anterior  dorsal  area  just  dis- 
cussed there  runs  laterally  and  downward  on  each  side  a  high  ridge, 
the  cervical  ridge,  to  the  superior  spinal  ridge.  The  lateral  space 
bounded  by  the  two  ridges  last  mentioned,  the  anterior  dorsal  area, 
and  the  lateral  parts  of  the  anterior  interspinal  ridge  is  occupied  by 
deep  cells;  large  rectangular  cells  adjoining  the  dorsal  and  cervical 
ridges,  but  hexagonal  and  smaller  cells  toward  the  other  boundaries. 

From  the  anterior  angle  of  the  anterior  dorsal  area  there  runs  for- 
ward in  the  median  line  a  short  occipital  ridge  which  divides  right 
and  left  into  the  facial  ridges.  The  facial  ridge  on  each  side  con- 
tinues parallel  to  the  cervical  ridge  and  meets  the  superior  spinal 
ridge  at  the  base  of  the  rostrum,  where  their  identity  merges.  Be- 
tween the  cervical  ridge,  on  the  one  hand,  and  the  occipital  and  facial 
ridges  on  the  other,  there  pass  parallel  partitions  dividing  the  space 
into  long,  deep,  rectangular  cells,  some  seven  or  eight  in  number. 
Included  between  the  two  facial  ridges  is  the  facial  area.  In  the 
center  of  this  is  a  small  deep  cell,  the  ocular  cell,  immediately  behind 
which  is  the  compoimd  eye.    From  the  ocular  cell  and  from  small 
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cells  lateral  to  it  there  radiate  to  the  facial  ridges  a  number  of  parti- 
tions further  dividing  the  facial  area  into  long  radiating  cells,  some- 
what rectangular  in  form  and  corresponding  in  number  to  the  cells 
external  to  the  facial  ridges.  Immediately  ventral  to  the  ocular  cell 
there  are  four  cells,  behind  whose  common  meeting  point  is  the 
macula  nigra  or  ocellus.  To  the  tip  of  the  rostrum  there  run  the 
ridges  already  referred  to  and  a  converging  series  of  elongated  cells 
diminishing  in  height  distally. 

Each  valve  of  the  test  supports  four  prominent  ridges  below  the 
horn,  some  especially  conspicuous  from  front  and  from  dorsal  view. 
Those  of  each  side  have  their  origin  very  near  each  other  at  the  upper 
end  of  the  anterior  border  of  the  test.  Their  general  direction  is 
parallel  to  the  ventral  edge,  two  of  them  upon  or  near  the  margin, 
and  two  a  little  removed  from  the  margin.  They  will  be  called, 
taking  them  in  order  from  the  mai^in,  the  marginal,  submarginal, 
inferior  valval,  and  superior  valval  ridges.  The  superior  valval  ridge 
standing  out  at  right  angles  to  the  test  is  a  very  conspicuous  object 
in  front  view,  and  also  from  dorsal  view  its  posterior  part,  which  is 
seen  to  end  one-fourth  from  the  posterior  end  of  test.  The  submar- 
ginal ridge  takes  its  origin  where  the  inferior  spinal  ridge  is  lost 
among  the  hexagonal  ceUs  at  the  upper  end  of  the  anterior  margin  of 
the  valve,  crosses  the  origins  of  the  valval  ridges,  and  merges  with 
the  marginal  ridge  midventrally.  The  inferior  valval  ridge  and  the 
marginal  ridge  follow  the  directions  already  indicated  for  them,  and 
parallel  to  those  just  discussed,  and  fuse  opposite  the  superior  angle 
of  the  posterior  margin  as  the  margino-valval.  ridge.  At  this  point 
it  flares  outward  slightly  and  running  forward  on  the  back  joins. the 
posterior  interspinal  ridge.  The  space  thus  inclosed  between  these 
imited  ridges  of  each  side  is  the  posterior  dorsal  area.  Across  the 
anterior  end  of  the  area  are  three  large  cells.  The  remaining  part  of 
the  area  is  open.  The  portion  of  the  valves  included  between  the 
two  clefts  and  the  valval  ridges  is  filled  with  hexagonal  cells,  laager 
dorsally  and  posteriorly  and  smaller  anteriorly.  From  ridge  to  adja- 
cent parallel  ridge  high  partitions  pass,  dividing  the  intervening  space 
into  deep  rectangular  ceUs. 

Rostrum  long,  acute,  often  included  between  the  ridges  upon  the 
anterior  margins  of  the  valves;  the  anterior  portion  of  the  superior 
spinal  ridge  forms  a  sort  of  fornix  across  its  base.  Eye  large;  ocellus 
one-half  its  diameter,  in  the  base  of  rostnun.  Antennides  slender, 
failing  to  reach  tip  of  rostrum  by  about  their  length;  sensory  seta  in 
angle  upon  anterior  margin  distally;  five  or  more  subequal,  short, 
olfactory  setffi  apically.  Antenn»  short,  not  reaching  to  end  of 
antennules.  Rami  with  setaB  f}|,  with  spines  ^H;  one  of  the  distal 
setfiB  of  lower  or  inner  ramus  one-third  the  length  of  the  remaining. 
Labrum  from  side  view  with  short,  blunt  anterior  lobe,  and  elongated, 
fingerlike  posterior  lobe,  directed  ventro-posteriorly,   tipped  with 
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short  bristles  or  cilia;  from  anterior  view  labrum  with  anterior  lobe 
broadly  triangular,  keeled  dorsally,  and  posterior  lobe  narrower,  sides 
sinuate  but  approximately  parallel,  the  tip  trilobed,  the  middle  lobe 
bearing  the  bristles  or  cilia.  Mandible  not  distinctive.  Maxilla 
with  two  teeth,  densely  bristled;  the  basal  arm  broad,  its  distal 
boimdary  and  outer  tooth  forming  a  continuous  semicircular  curve. 

Legs  or  thoracic  appendages  five,  conforming  strictly  to  generic  type. 

Postabdomen  broad,  length  medimn;  dorsal  margin  concave  be- 
yond anal  angle,  and  broadly  rounded  at  end;  proximal  half  cihated, 
distal  half  with  double  row  of  twelve  teeth  in  each  row,  quite  strong 
for  this  genus,  diminishing  sUghtly  distally.^  Laterally  a  row  of  cilia 
from  base  of  caudal  claw  to  a  point  near  anal  angle.  Terminal  claw 
strong,  shghtly  curved  and  crumpled;  concave  border  ciliated  to  tip; 
basal  spines  two,  the  distal  twice  the  size  of  the  proximal. 

Measurements. 


- 

Ch^donu  bkormtut  tram  Sebago  lAke. 

Length  of  body 

mm. 

0.400 
.540 
.260 
.000 
.320 
.440 
.340 
.060 
.035 
.025 
.020 
.050 
.165 

witn. 

0.476 
.550 
.280 
.550 
.400 
.500 
.170 
.100 
.040 
■  025 
.040 
.060 

mm. 

asoo 

.640 
.380 
.740 
.460 
.560 
.240 
.075 
.060 
.030 
.070 
.066 
.140 

mm. 

0.520 
.680 
.400 
.520 
.500 
.660 
.060 
.100 
.060 
.035 
.040 
.070 
.235 

111*11. 

0.520 
.640 
.410 
.600 
.480 
.600 
.140 
.120 
.040 
.030 
.030 
.070 
.190 

mm. 

a600 
.780 
.440 

1.020 
.520 
.720 
.320 
.125 
.060 
.030 
.060 
.070 
.250 

mm. 
0.fS20 

Length  over  afl 

.760 

width  of  body 

.480 

Width  over  all 

.720 

Height  of  body 

.560 

Height  over  all 

.730 

Length  of  horn 

.140 

Highest  ridge 

.120 

DiaiTietpr  of  largmt  hexagonal  cell 

.076 

Diameter  of  avCTage  hexagonal  cell 

.050 

Depth  of  average  ceU. T 

.040 

length  of  tprmTnal  oUw 

.075 

Length  of  postabdomen  fi:am  anal  setSD  to  daw. 

.246 

The  variations  in  proportions  are  at  once  apparent;  the  greatest 
extremes  are  in  the  length  of  the  horn.  An  analysis  of  these  pro- 
portions expressed  in  percentages  of  the  length  shows  no  significant 
correlation.  On  the  whole,  there  are  more  minimum  proportions 
among  the  smallest  specimens  and  more  of  the  maximum  proportions 
among  the  larger  specimens.  But  the  totals  of  the  proportion  per- 
centages are  larger  for  the  smaller  individuals  and  smaller  for  the  larger 
individuals,  with  an  exception  in  each  group.  The  0.60  mm.  speci- 
men is  the  only  one  not  extreme  in  any  of  the  structures  measured; 
each  of  the  others  is  extreme,  maximum  or  minimum,  in  from  three 
to  six  proportions  measured.  The  variation  is  dependent  upon  locality 
rather  than  upon  age  or  size.  Specimens  from  one  collecting  station 
(mouth  of  Northwest  River)  furnished  the  long-homed  specimens; 
another  locaUty  (mouth  of  Sucker  Brook)  the  short-homed  individuals. 
Specimens  from  other  locaUties  seem  to  be  more  average  in  this  par- 
ticular.   Specimens  from  New  Jersey  are  of  the  short-homed  type. 

Eggs,  two. 

Male, — Unknown. 

Color,  yellowish. 
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The  honeycomb  cells  are  remarkably  free  from  attached  alg»  or 
protozoa  or  debris,  though  some  of  these  are  observed  at  times. 
C.  faviformis  Birge,  which  occurs  associated  with  the  form  here 
described,  is  often  loaded  with  algae  and  protozoa. 

Occurrence. — ^Taken  frequently  but  not  in  numbers  from  weedy 
shallow  parts  of  Umbagog  Lake,  Maine,  and  New  Hampshire, 
1905,  July,  August;  Sebago  Lake,  Maine,  1906,  1907,  1908,  July, 
August,  September;  Panther  Pond,  Maine,  1906,  August;  Songo 
River,  Maine,  U906,  July;  Grover  Mill  Pond,  Princeton,  New  Jersey, 
1909,  September;  1910,  August. 

Type.— Cat.  No.  42782,  U.S.N .M. 

Type-locality. — Sebago  Lake,  Maine,  August  19,  1907. 

EXPLANATION  OF  PLATES. 

Plate  13. 

Fig.  1.  Parophryoxus  tuhulatus,  female  from  Umbagog  Lake,  Maine  and  New  Hamp- 
shire, August,  1906.    Lateral  view.     X58. 

2.  Do.    Rostrum  and  Antennule.     X233. 

3.  Do.    Antenna.     X233. 

4.  Do.    Postabdomen.    •X233. 

Platb  14. 

Fig.  1.  Parophryoxus  tubulatus,  female  from  Anonymous  Pond,  Maine,  September, 
1908.    Lateral  view.     X58. 

2.  Do.    Doreal  view.     X58. 

3.  Do.    Anterior  view.     X58. 

4.  Do.  ^  First  leg.     X233. 

5.  Do.  '  Second  leg.     X233. 

6.  Do.    Third  leg.     X360. 

Lettering:  (f,  exopodite;  «,  e^,  tf\  endopodite  and  its  branches;  Tna;,  maxillary 
process. 

Plate  15. 

Fig.  1.  ParophryoxuB  tuhulatus,  female  from  Anonymous  Pond,  Maine,  September, 
1908.    Fourth  leg.     X360. 

2.  Do.  Fifth  leg.     X360. 

3.  Do.  Sixth  leg.     X360. 

4.  Do.  Head,  lateral  view.     X133. 
6.  Do.  Maxilla.     X400. 

6.  Do.  Postabdomen.     X133. 
Lettering  as  under  Plate  14. 

Plate  16. 

Fig.  1.  Parophryoxus  tuhulatus,  marking  of  shell,  female.     X633. 

2.  Do.    Male  from  Anonymous  Pond,  Maine,  September,  1908.    Lateral  view. 

X94. 

3.  Do.    Anterior  view.     X133. 

4.  Do.    Juvenile  male.    Lateral  view.    X94. 

5.  Do.    End  of  postabdomen,  the  shrunken  tissues  showing  position  of  sperm 

duct.     X270. 

Plate  17. 

Fig.  1.  Chydorus  bicomtUuSf  female  from  Sebago  Lake,  Maine,  July,  1908.    Lateral 
view,  antenna  not  shown.     X127. 
2.  Do.    Dorsal  view.    X127. 
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KEY  TO  LBTTEBINO. 

ADA  Anterior  dorsal  area.  L8  C  Lateral  spinal  cleft. 
AIR  Anterior  interspinal  ridge.  M  R  Marginal  ridge. 

B  0  Body  outline.  M  VR  liargino-valyal  ridge. 

C  R  Cervical  ridge.  0  C  Ocular  cell. 

D  R  Dorsal  ridge.  0  R  Occipital  ridge. 

F  A  Facial  area.  PDA  Posterior  dorsal  area. 

F  R  Facial  ridge.  P IR  Posterior  interspinal  ridge. 

H  Horn.  S  S  R  Superior  spinal  ridge. 

I C  Interspinal  cleft.  8  R  Submarginal  ridge. 

IS  R  Inferior  spinal  ridge.  8  VR  Superior  valval  ridge. 
I  VR  Inferior  valval  ridge. 

Plate  18. 

Fig.  1.  ChydcTUB  hicornytuB,  female  from  Sebago  Lake,  Maine,  July,  1908.    Anterior 
view.    Lettering  as  on  Plate  17.     X127. 

2.  Do.    Antenna.     X233. 

3.  Do.    Antennule.     X400. 

4.  Do.    Lower  part  of  head,  lateral  view.     X233. 
6.  Do.    Labrum,  anterior  view.     X233. 

6.  Do.    Maxilla.     X400. 

Plate  19. 

Fig.  1.  Chydanu  hicornvlru,  female  from  Sebago  Lake,  Maine,  July,  1908.    First 
leg.     X400. 

2.  Do.    Second  leg.     X400. 

3.  Do.    Third  leg.     X400. 

4.  Do.    Fourth  leg.     X400. 

5.  Do.    Fifth  leg.     X400. 

6.  Do.    Postebdomen.     X233. 

Lettering:  cf,  exopodite;  «,  ^,  e^,  endopodite  and  its  branches;  mx,  maxillary 
process. 
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New  England  Claoocera. 

For  explanation  of  plate  see  paoe  169. 
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New  England  Cladocera. 

For  explanation  of  plate  see  page  169. 
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New  England  Cladocera. 

For  explanation  of  plate  see  page  169. 
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New  England  Clacxx^era. 

For  explahation  of  plate  see  page  169. 
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New  England  Cladocera. 

For  explanation  of  plate  see  pages  1 69  and  1 70. 
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New  England  Cladocera. 

For  explanation  of  plate  see  page  1 70. 
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New  England  Cladocera. 

For  explanation  of  plate  see  paoe  170. 
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A     NEW     UNSTALKED     CRINOID   FROM     THE     PHILIP- 

PINE  ISLANDS. 


By  Austin  Hobart  Claek, 

Astisiant  Curatory  Division  of  Marine  Invertebrates,  U.  S.  National  Museum, 


In  a  preliminary  account  of  a  collection  of  comatnlids  from  the 
Philippine  Islands  I  recorded  a  specimen  of  Comaster  mvMfida  as 
having  been  taken  by  the  U.  S.  Bureau  of  Fisheries  steamer  Albatrosa 
near  Port  Dos  Amigos,  Tawi  Tawi.  This  specimen  fits  the  available 
descriptions  of  C.  mvltifiia  exactly;  but  recently,  during  a  visit  to 
Paris,  I  was  enabled  to  examine  the  type  of  MdUer's  species,  and  I 
found,  much  to  my  surprise,  that  it  is  quite  a  different  thing  from 
what  I  had  supposed. 

Comaster  mvMfida  is  very  closely  related  to  C.  typica,  but  it  is  a 
smaller  species  with  a  much  smaller  niunber  of  arms;  these  are  about 
forty  in  number  and  show,  so  far  as  it  is  developed,  the  same  scheme 
of  arm  division  characteristic  of  G.  typica}  The  centrodorsal  is  not 
so  much  reduced  as  it  is  in  (7.  typica,  and  usually  bears  a  few  cirri. 

The  Comaster  variabilis  described  by  Prof.  F.  J.  Bell  in  1884  is 
founded  upon  specimens  both  of  C.  typica  and  of  C.  mvltifida,  the 
type  being  one  of  the  former. 

In  the  Challenger  report  Carpenter  placed  Comaster  muUiJida  in  his 
'Tarvicirra  Group,"  far  removed  from  C  typica,  which  was  the  type 
of  his  ''Typica  Group;"  although  I  recognized  the  fact  that  both 
muUifda  and  vari^ahUis  belonged  in  the  genus  Comaster,  the  wide 
separation  of  the  forms,  and  the  important  structural  differences 
shown  by  Carpenter,  prevented  me  from  detecting  their  fundamental 
agreement  with  C  iypica,  which  was  at  once  evident  upon  examina- 
tion of  the  types. 

C.  mvMfida  was  supposed  to  differ  radically  from  C  typica  in  having 
the  ossicles  of  the  division  series  united  by  synarthry  instead  of  by 
syzygy.  It  is  true  that  the  ossicles  of  the  division  series  are  united 
by  synarthry  in  C,  mvUifida,  but  I  have  recently  shown  that  the  sup- 
posed syzygy  which  \mites  these  ossicles  in  C  typica  is  not  a  syzygy 
at  all,  but  a  peculiarly  modified  synarthry,  possessing  many  of  the 
characters  of  a  syzygy,  a  type  of  articulation  for  which  I  suggested 
the  name  pseudosyzygy. 

1  Thlfi  Is  shown  In  Professor  DMerlein's  flgore  (Denkschr.  Oes.  Jena,  vol.  8, 1898,  pi.  36,  fig.  4,  "AeHno- 
metra  be2U")  of  a  young  specimen. 
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171 


Digitized  by 


Google 


172  PROCEEDINGS  OF  THE  NATIONAL  MUSEUM.  vol.41. 

The  specimen  from  Tawi  Tawi  agrees  with  C.  muUifda  in  having 
true  synarthries  between  the  ossicles  of  the  outer  division  series;  but 
it  differs  markedly  in  the  scheme  of  arm  division,  and  in  its  larger 
and  permanent  cirri.  It  is  probably  most  nearly  allied  to  C.  ddicata, 
but  represents  a  very  distinct  new  species,  which  may  be  described 
as  follows: 

COMASTBR  TAVIANA,  new  species. 
Phanogenxa  carpeTiteri  A.  H.  Clark,  Proc.  U.  S.  Nat.  Mus.,  vol.  36,  1909,  p.  392. 

Description. — Centrodorsal  discoidal,  broad,  the  polar  area  flat, 
5  TTiTn  in  diameter;  cirrus  sockets  arranged  in  a  single  crowded, 
somewhat  irregular,  marginal  row. 

Cirri  XX-XXII,  16-18,  moderately  slender,  13  mm.  to  15  nmi. 
long;  first  two  segments  about  twice  as  broad  as  long,  third  slightly 
longer  than  broad,  fourth — seventh  or  eighth  half  again  as  long  as 
broad,  the  following  gradually  decreasing  in  length,  the  terminal 
seven  or  eight  being  about  one-third  again  as  broad  as  long;  ninth  a  tran- 
sition segment,  rounded  in  cross  section  and  with  a  dull  surface  like 
the  preceding  in  the  proximal  three-fourths,  polished  like  the  suc- 
ceeding in  the  distal  fourth;  following  the  transition  segment  the 
segments  become  rather  strongly  compressed  laterally,  so  that  in  a 
lateral  view  the  cirrus  appears  to  thicken  from  this  point  onward; 
transition  and  following  segments  with  the  distal  dorsal  edge  pro- 
duced, this  production  rapidly  becoming  more  sharply  rounded,  and 
soon  A"shaped,  the  segments  at  the  same  time  becoming  distally 
more  carinate  dorsally,  so  that  the  later  segments  are  provided  with 
a  small  but  sharp  subterminal  tubercle;  in  addition,  the  segments 
from  the  eleventh  or  twelfth  onward  have,  just  before  their  middle, 
a  second,  more  roimded  median  dorsal  tubercle,  not  quite  so  high  as 
that  in  the  distal  portion,  presenting,  therefore,  the  same  appearance 
as  the  cirrus  segments  of  Oligometra  adeonse;  opposing  spine  repre- 
sented by  a  small  median  tubercle  arising  from  the  entire  dorsal 
surface  of  the  penultimate  segment,  the  apex  usually  forming  in 
lateral  view  slightly  more  than  a  right  angle,  though  occasionally 
more  sharp;  terminal  claw  somewhat  longer  than  the  penultimate 
segment,  stout  basally  but  becoming  more  slender  distally,  moderately 
curved. 

Ends  of  the  basal  rays  visible  as  small  tubercles  in  the  angles  of  the 
calyx;  radials  only  slightly  visible  in  the  angles  of  the- calyx,  over  the 
ends  of  the  basal  rays;  IBri  very  short  and  broad,  more  or  less  (some- 
times wholly)  concealed  by  the  centrodorsal,  just  in  contact  basally 
but  diverging  distally;  IBr,  broadly  pentagonal,  almost  triangular, 
twice  as  broad  as  long,  or  even  somewhat  broader;  IIBr  4  (3  +  4); 
IIIBr  2;  IVBr  2,  but  irregular  in  occurrence;  division  series  free 
laterally  though  not  widely  separated,  rounded  dorsally,  but  not 
especially  convex. 
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Thirty-six  arms  about  100  mm.  long;  first  brachial  short,  wedge 
shaped,  almost  entirely  united  interiorly,  twice  as  broad  as  its  inte- 
rior length  or  slightly  broader;  second  brachial  similar,  but  slightly 
laiger;  third  and  fourth  (syzygial  pair)  not  quite  so  long  as  broad; 
next  two  brachials  oblong,  about  twice  as  broad  as  long,  then  becom- 
ing triangular,  about  half  again  as  broad  as  long,  after  the  end  of  the 
proximal  third  of  the  arm  gradually  becoming  wedge  shaped,  and  in 
the  terminal  portion  wedge  shaped,  about  as  long  as  broad;  fourth 
and  following  brachials  with  strongly  produced  and  finely  spinous 
distal  ends.  The  arm  increases  gradually  in  diameter  up  to  the 
tenth  brachial,  then  tapers  away  very  gradually  distally.  Syzygies 
occur  between  the  third  and  foinrth  brachials,  again  usually  between 
the  thirteenth  and  fourteenth,  and  distally  at  intervals  of  four  (more 
rarely  five)  oblique  muscular  articulations. 

Disk  covered  with  rather  coarse  papillsB;  mouth  submarginal,  anus 
subcentral. 

P4  10  mm.  long,  slender,  with  thirty-five  segments,  of  which  the 
first  is  short  oblong,  about  two  and  one-half  times  as  broad  as  long, 
and  the  following  are  rhombic,  at  first  nearly  twice  as  broad  as  long, 
gradually  becoming  longer  and  about  as  Jong  as  broad  after  the 
sixth;  second  and  following  segments  with  the  comers  cut  away,  this 
gradually  decreasing  distally  and  disappearing  entirely  after  about 
the  twelfth  segment;  second  to  tenth  or  eleventh  segments  with  long 
single  or  double  spines  projecting  vertically  from  the  dorsal  surface, 
at  first  about  equal  to  half  the  diameter  of  the  joint  in  height,  but 
slowly  decreasing  in  length  distally;  tenmnal  comb  short,  very 
prominent,  rising  abruptly,  with  six  or  seven  teeth  which  are  sub- 
equal,  triangular,  slightly  longer  than  Jbroad,  rather  strongly  recurved, 
rather  longer  than  the  diameter  of  the  segments  which  bear  them, 
the  bases  in  apposition;  P,  5  nun.  long,  with  twenty  segments,  resem- 
bling P^  but  weaker  and  more  slender;  P,  3.5  mm.  long  with  fifteen 
segments,  resembling  P,;  P4  and  following  pinnules  stouter  than  the 
preceding,  6  mm.  long,  with  about  twenty  segments^  the  first  two 
short,  the  remainder  squarish,  becoming  longer  than  broad  distally; 
the  distal  ends  of  the  segments  are  spinous  and  strongly  overlapping, 
and  the  more  proximal  segments  are  usually  furnished  with  more  or 
less  prominent  dorsal  spines  in  addition;  distally  the  pinnules  grad- 
ually become  shorter  and  more  slender,  the  distal  pinnules  being  6 
mm.  long,  very  slender,  with  about  twenty  segments,  the  first  two 
short,  the  third  longer  than  broad,  the  remainder  elongated,  with 
slightly  expanded  ends,  becoming  about  twice  as  long  as  broad 
distally;  terminal  combs  occm*  usually  on  most  of  the  genital  pin- 
nules, and  at  intervals  on  those  in  the  distal  part  of  the  arm. 

The  color  is  chrome  yellow,  the  skeleton  yellowish  white. 

HdbikU. — Philippine  Islands  (Tawi  Tawi  group). 

Depth. — 49  fathoms. 
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THE  CRINOID  FAUNA  OF  THE  KNOBSTONE  FORIIATION. 


By  Fbane  Springer, 

of  Lob  Vegas,  New  Mexico. 


In  connection  ^th  my  researches  on  the  fossil  Crinoidea  I  have 
oicountered  continual  diflBculty  relative  to  the  stratigraphic  posi- 
tion of  a  number  of  important  species  from  the  Lower  Carboniferous 
described  from  southern  Indiana,  Kentucky,  and  Tennessee,  and 
found  in  collections  made  by  Troost,  Safford,  Lyon,  Wachsmuth, 
Pate,  Greene,  and  others.  These  species  in  the  descriptions  and 
upon  the  labels  in  collections  have  been  referred  to  a  horizon  where 
it  has  seemed  to  me  increasingly  more  evident  they  do  not  belong. 

Lyon,  writing  in  1860  on  the  **Stratigraphical  arrangement  of 
the  rocks  of  Kentucky, "  *  gave  a  general  section  of  the  strata  of 
western  Kentucky,  which  he  divided  into  beds  designated  from  A  to 
X,  in  descending  order,  grouped  in  two  large  divisions.  The  upper 
of  these  he  called  the  * 'Millstone  Grit  series,^'  including  all  above  the 
Cavernous  (St.  Louis)  limestone,  and  the  lower  the  '*  Sub-Carboniferous 
series,"  in  which  he  included  the  Black  slate  and  the  Devonian  beds 
of  the  FaDs  of  the  Ohio.  Taking  this  division  above  the  black 
slate  in  ascending  order,  his  beds  were:  P.  Sandstones  and  shales;  0. 
Middle  limestone;  N.  Cavernous  limestone.  The  last  is  clearly  the 
St.  Louis  limestone  of  the  Missouri  and  Iowa  geologists.  His '  'Middle 
limestones,"  0,  he  found  to  contain  in  the  lower  part  fossiliferous 
beds  equivalent  to  the  Spergen  Hill  beds  of  Indiana  (Spei^en). 
His  ''Sandstones  and  marls,"  P,  he  says  are  "frequently  distinguished 
as  the  Knobstone  beds, "  and  he  describes  them  as  varying  in  thick- 
ness from  two  to  three  hundred  feet,  the  upper  part  consisting  of 
"alternate  beds  of  muddy  sandstone,  aluminous  shale,  and  plates  of 
limestone  of  variable  thickness  ♦  *  *  sometimes  largely  charged 
with  beds  of  chert,  the  lower  part  of  beds  of  aluminous  and  marly 
shale,  with  occasionally  thin  beds  of  fine  sandstone."  He  considers 
the  upper  part  equivalent  to  the  crinoid  beds  near  Scottville,  Allen 
County;  the  marly  lower  beds  he  says  are  best  known  in  BuUit  and 
Jefferson  counties  as  "Button-mold  Knob." 

1  Trans.  Acad.  8ct.  St.  Louis,  vol.  1,  pp.  612-621. 

PROQecDiNQO  U.  9.  National  Museum,  Vou  41— Na  1850. 
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Safford,  in  1869,*  divided  the  Lower  Carboniferous  of  Tennessee 
into  two  groups,  designated  in  ascending  order  as  ''(Sa)  Siliceous 
Group,"  and  ''(86)  Mountain  limestone."  His  Mountain  limestone 
included  everything  between  the  St.  Louis  and  the  Coal  Measures, 
i.  e.,  the  Kaskaskia.  The  Siliceous  group  he  subdivided  into  two 
members,  the  "Upper  or  Lithostrotion  bed,"  equivalent  to  the  St. 
Louis  limestone  of  the  Missouri  geologists,  and  the  ''Lower  or  Pro- 
tean member,"  including  everything  from  the  St.  Louis  down  to  the 
Black  slate.  He  considered  this  member  as  "more  especially  tlie 
equivalent  of  the  Keokuk  limestone"  (p.  342),  but  adds  that  "it 
contains,  however,  some  Burlington  forms."  His  descriptions  and 
sections  show  it  to  be  of  a  variable  character,  but  in  a  general  way 
to  be  composed  of  argillaceous  beds,  or  shales,  in  the  lower  part, 
and  more  or  less  siUceous,  or  cherty,  limestones  in  the  upper,  with 
irregular  occurrence  of  Umestone  bands  among  the  shales  and  chwts. 

The  Lower  or  Protean  member  of  Safford's  Lower  Carboniferous 
corresponds  to  Lyon's  bed  P;  and  the  name  "Knobstone,"  as  men- 
tioned by  Lyon,  has  been  given  to  it  currently  because  of  its  exposure 
in  many  of  the  isolated  hills,  or  "knobs,"  which  form  a  conspicuous 
feature  of  the  topography  of  southern  Lidiana  and  northern  Ken- 
tucky. But  it  extends  over  a  wide  area  in  Kentucky  and  Tennessee 
where  the  knobs  do  not  occur.  In  the  latter  state  it  has  received 
the  name  of  "Tullahoma  formation,"  and  is  applied  to  such  well- 
known  localities  as  Whites  Creek  Springs,  Tenn.,  and  Allen  and 
Metcalfe  counties,  Ky.,  at  all  of  which  species  of  undoubted  Keokuk 
type  occur.  Li  Lidiana  the  name  '^Knobstone"  is  adhered  to,  as  . 
given  by  Owen  in  1859.'  In  the  earher  reports  of  the  State  Greological 
Survey  a  clear  distinction  was  recognized  between  the  Knobstone 
shales,  with  intercalated  calcareous  layers,  the  succeeding  Burling- 
ton, and  the  Keokuk  limestone  beds.  In  the  report  for  1878  (p,  379) 
some  good  sections  are  given  of  exposures  in  Harrison  County, 
which  is  a  westward  continuation  of  the  Kentucky  knob  region, 
showing  over  200  feet  of  Knobstone  shales  and  sandstones,  including 
at  the  upper  part  8  to  15  feet  of  thin  bands  of  "red  encrinital  lime- 
stone," and  above  that,  after  several  different  beds  of  various  colored 
sihceous  clays,  slates,  flints,  and  cherts  of  from  30  to  70  feet,  heavy 
Keokuk  crinoidal  limestone  to  a  thickness  of  40  feet  or  more.  An 
earlier  report,  1874  (p.  115-118),  recognized  the  Knobstone  as  dis- 
tinct from  the  Burlington  and  Keokuk,  and  treated  the  part  con- 
sisting of  sandstones  and  underlying  bluish  and  greenish  (New 
Providence)  shales  as  equivalent  to  the  Chemung,  Waverly,  and  Kin- 
derhook.  It  says  that  the  '*  Button-mould  wash,"  so  called  from  the 
disk-shaped  segments  of  crinoid  stems  found  in  it,  is  but  another 

I  Geology  of  Tennessee,  p.  339. 

*  Report  of  a  Geological  ReooxmolssaDoe  of  Indiana  Rocks  in  1830,  d.  21. 
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name  for  th3  greenish  marly  shale  of  these  beds;  and  it  mentions  as 
among  the  fossils  occurring  in  these  ''washes"  imperfect  specimens' 
of  OyaChocrinuSj  Platycrinua,  SyribaihacrimLSy  ActinocrinuSj  and 
Forbesioerinus  (p.  122). 

In  the  Fifteenth  Report,  1885-86,  on  the  Geology  of  Washington 
Comity,  by  Gorby  (p.  124),  it  is  very  clearly  shown  that  the  Burling- 
ton beds  are  represented  by  certain  irregular  buff  to  gray  limestones 
occurring  between  the  shales  and  sandstones  of  the  Knobstone  and 
other  limestones  and  cherts  in  which  Keokuk  species  prevail;  and  he 
says  (p.  132):  ''The  tendency  of  the  evidence  leads  strongly  to  the 
conclusion  that  these  beds  of  this  (Burlington)  group  separate  the 
Keokuk  from  the  Kiiobstone  throughout  the  greater  portion  of 
Washington  and  Harrison  Coimties/'  In  some  locaUties  in  these 
counties  red  or  buff  limestone  layers  have  yielded  undoubted  Upper 
Burlington  species;  and  in  Washington  County  certain  buff,  geo- 
diferous  beds  lying  very  close  to  the  Knobstone  shales  contain  a 
characteristic  Keokuk  crinoid  fauna,  with  many  species  identical 
with  those  found  at  Indian  Creek,  in  Montgomery  County. 

It  may  be  here  remarked  that  little  dependence  is  to  be  placed 
upon  color  as  distinguishing  the  Burlington  and  Keokuk  beds  in  the 
Indiana-Kentucky  region;  the  one  may  be  red  and  the  other  blue 
at  one  place,  and  the  colors  exactly  reversed  a  short  distance  away; 
and  colors  of  the  same  bed  often  change  in  short  distances.  In  the 
Burlington-Keokuk  beds  of  the  typical  region  along  the  Mississippi 
River,  which  was  a  center  of  deposition  with  httle  disturbance,  the 
coloration  is  extremely  regular  and  characteristic,  and  a  person 
whose  early  collecting  was  in  these  localities  is  apt  to  attach  too 
much  importance  to  color  elsewhere.  The  southern  Indiana  region 
especially  was  one  of  many  changes,  and  frequent  invasions  and 
recessions  of  .the  waters,  accompanied  by  much  erosion  and  replace- 
ment during  the  epoch  which  the  Keokuk-Burlington-Warsaw  beds 
represent;  so  that  their  thickness  is  extremely  irregular,  and  in 
many  places  their  vertical  section  is  greatly  reduced.  Thus  there 
may  be  characteristic  Burlington  and  Keokuk,  or  Keokuk  and 
Warsaw,  fossils  at  the  same  exposure  from  a  few  feet  of  strata. 
There  have  also  been  extensive  later  denudations  cutting  through 
several  beds  of  rocks,  and  redistribution  of  the  material,  with  its 
contained  fossils,  from  one  area  to  another,  so  that  those  from  two  or 
three  successive  formations  may  be  foimd  together  in  the  same  bed 
of  clay.  This  is  clearly  stated  in  the  last-mentioned  report  (p.  135), 
and  is  borne  out  by  the  experience  of  every  careful  collector.  For 
instance,  the  well-known  locality  of  Spergen  Hill,  which  name  is 
really  applied  to  fossils  collected  over  an  area  of  several  square  miles 
covered  by  a  deposit  of  reddish  ferruginous  clays,  containing  the 
94428**— Proc.N.M.vol.41— 11 12 
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residuum  of  decomposed  limestones,  chiefly  the  so-called  Oolite  of 
the  Salem  quarries,  which  form  the  surface  rocks  of  the  region.  This 
clay  is  very  fossiliferous,  and  specimens  from  it  are  found  in  many 
collections,  in  some  labeled  ' 'Warsaw"  and  in  others  '*St.  Louis." 
These  names  mean  here  the  same  thing — a  bed  of  foraminiferal 
limestone  and  the  clay  composed  of  its  decomposed  remains,  char- 
acterized by  a  great  abimdance  of  Pentremites  conoideus,  usually 
called  Warsaw  by  the  Indiana  geologists  and  often  St.  Louis  by 
others.  It  is  immediately  underlaid  by  the  Keokuk,  which  is 
exposed  in  some  places,  as  in  the  railroad  cut  at  Spei^en  Hill,  and 
from  the  erosion  of  which  its  fossils  have  also  sometimes  been  mingled 
in  the  same  red  clay  and  have  taken  on  its  color.  A  few  have  been 
obtained  directly  from  the  rocks  and  are  of  its  original  bluish-gray 
color.  Therefore,  while  the  great  majority  of  the  fossils  labeled 
^'Spergen  Hill"  are  doubtless  derived  from  the  Spergen  beds,  it  is 
always  possible  to  find  a  true  Keokuk  species  among  them. 

Returning  now  after  this  digression  to  the  Knobstone,  the  later 
Indiana  geologists  did  not  adhere  to  its  distinct  separation  from  the 
beds  above  it,  as  was  done  by  those  of  1874-85,  but  the  Geological 
Survey  of  that  state  ^  has  extended  it  so  as  to  definitely  include,  in 
the  north,  the  typical  Keokuk  crinoid  beds  of  Crawfordsville  and 
Indian  Creek  in  Montgomery  County. 

There  being  thus  included  in  this  formation,  in  all  three  of  the 
states  mentioned,  crinoidal  beds  yielding  species  of  a  true  Keokuk 
fauna  correlating  strictly  with  the  occurrences  at  the  typical  locali- 
ties in  Iowa  and  Illinois,  it  came  to  pass  that  the  entire  so-called 
I  '*  Knobstone"  of  Indiana  and  Kentucky,  and  TuUahoma  of  Tennessee, 
have  been  regarded  by  some  geologists  as  belonging  to  the  Keokuk 
^  epoch,  and  collectors  labeled  their  fossils  derived  from  it  indiscrimi- 
nately as  '*  Keokuk."  All  the  species  described  by  Miller  and  Gurley 
from  these  beds  have  been  referred  to  the  Keokuk;  and  S.  A.  MiUer 
went  so  far  as  to  claim  that  the  Waverly  beds  at  Richfield,  Ohio,  also 
belong  to  the  Keokuk;  and  in  the  second  Appendix  to  his  North 
American  Geology  and  Paleontology,  1897,  he  referred  all  the 
species  of  crinoids  described  by  Hall  from  that  locality  to  that 
horizon.     (See  also  Bull.  No.  12,  111.  State  Mus.,  p.  11.) 

This  prevalent  conception  of  the  stratigraphy  of  these  beds  has 
completely  ignored  the  possibility  of  the  prolific  Kinderhook  and 
Burlington  series  being  represented  in  them,  somewhere  between  the 
Black  Slate  and  the  Upper  Siliceous  limestones  of  undoubted  Keokuk 
equivalency — and  it  illustrates  how,  even  in  science,  people  will  often 
go  on  following  the  leader  without  knowing  why. 

Now,  to  the  systematic  student  of  the  crinoids,  seeking  to  find  out 
something   of   their   actual   geologic  succession   and   phylogenetic 

I  Twenty-sixth  report,  for  1901,  pp.  263, 272. 

Digitized  by  VjOOQIC 


KO.1850.  KNOB  STONE   CRINOID   FAUNA— 8PRIN0ER.  179 

relations,  it  makes  considerable  difference  whether  a  given  species  is 
said  to  be  derived  from  the  Keokuk  limestone  or  from  the  lower  beds 
of  the  Burlington  or  the  Einderhook,  for  these  stand  for  the  extremes 
in  what  is  probably  the  best,  and  best  preserved,  line  of  local  crinoid 
development  in  all  geological  history.  The  Burlington  and  Keokuk 
beds  represent  the  acme  of  crinoidal  life,  both  in  variety  of  form  and 
profusion  of  individuals,  and  it  was  the  overwhelmingly  predominant 
faimal  feature  of  those  epochs.  So  profuse  is  its  development  that  it 
has  been  proposed  by  Wachsmuth  and  Springer  and  by  Keyes  to 
recognize  this  by  grouping  the  two  formations  into  a  distinct  division 
of  the  Lower  Carboniferous,  for  which  Keyes  ^  proposed  the  name 
''Augusta,"  and  Williams,  before  him,*  with  slightly  different  limita- 
tions, that  of  *' Osage." 

Of  more  importance  than  this,  however,  is  the  fact  that  faunal 
considerations  have  required  us  to  further  subdivide  it,  so  as  to 
recognize  the  upper  and  lower  beds  of  the  Burlington  as  well  marked 
and  distinct  horizons.  There  is  a  thoroughly  well-defined  succession 
in  the  crinoidal  fauna,  beginning  in  the  Lower  Burlington  with  a 
predominance  of  species  characterized  by  great  delicacy  of  form  and 
beauty  of  ^ornamentation,  and  culminating  in  the  Keokuk  with 
prevalent  forms  of  large  size,  rough  ornamentation,  and  much  exag- 
geration of  structural  details,  in  many  cases  marking  the  extinction 
of  the  genera.  Between  these  there  is  a  distinctly  intermediate  con- 
dition, represented  by  the  Upper  Burlington.  The  three  formations 
are  separated  by  heavy  transition  beds  of  chert,  each  marking  the 
extinction  of  most  of  the  species  and  some  of  the  genera  of  the  bed 
preceding  it,  and  the  inauguration  of  a  rougher  habit  in  the  forms 
which  follow.  These  facts  were  pointed  out  long  ago  by  White,' 
Wachsmuth  and  Springer,*  and  Keyes.*  The  modifications  here  indi- 
cated do  not  apply  to  all  the  species,  some  simpler  forms  of  a  more 
generalized  type  persisting  through  the  beds  with  little  change,  while 
in  some  there  was  a  distinct  retrogression,  resulting  in  ultimate  extinc- 
tion through  diminished  vitality.  But  in  the  specialized  and  pre- 
dominant types,  like  Camerata,  the  process  of  acceleration  and  abrupt 
termination  from  one  bed  to  another  and  at  the  close  of  the  epoch 
was  most  striking. 

The  focus  of  this  profuse  development  of  crinoidal  life  was  the 
region  near  and  west  of  the  Mississippi  River,  in  Iowa,  Illinois,  and 
Missouri.  It  was  a  deep  and  clear  water  formation,  little  disturbed 
by  oscillation  or  other  causes,  and  continuous  through  a  long  period, 
except  for  the  changes  produced  by  the  repeated  increase  in  the 

>  Iowa  Geological  Stinrey,  vol.  1, 1892,  p.  61. 

<  Boll.  80,  U.  8.  Geol.  Sanr.,  1891,  p.  109. 

*  JooiXL  Boston  Soc.  Nat.  Hist,  vol.  7, 1800,  pp.  224-225. 

«  Pioc.  Acad.  Nat.  Sol.  PhUadetphla,  1878,  p.  229. 

s  Geol.  Sunr.  Iowa,  vol.  1, 1893,  p.  05. 
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siliceous  content  of  the  water  at  the  end  of  the  subordinate  periods. 
The  main  beds  of  each  period  are  formed  of  remarkably  homogeneous 
limestones,  very  regularly  and  evenly  stratified,  almost  entirely  com- 
posed of  the  calcareous  remains  of  countless  myriads  of  crinoids,  and 
interrupted  only  by  the  siUceous  invasions  above  mentioned,  r^ult- 
ing  in  the  deposition  of  the  heavy  cherty  beds  of  passage  between  the 
different  members.  It  has  a  total  thickness  of  upward  of  200  feet 
of  soUd  limestones  and  chert,  the  latter  being  one-third  or  more  of 
the  whole.  The  chert  beds  are  not  wholly  barren,  for  thin  bands  or 
lenses  of  limestone  are  found  irregularly  throughout  them,  often  filled 
with  remains  of  crinoids  that  struggled  through  under  the  changed 
environment.  The  coloration  of  the  limestone  beds  is  remarkably 
uniform  for  each  horizon.  There  is  little  muddy  shale  until  rather 
late  in  the  Keokuk,  when  there  were  evidently  considerable  changes  of 
level,  with  migration  into  shallower  waters  to  the  eastward,  resulting 
in  the  deposit  of  the  shale  beds  of  the  Crawf  ordsville  region  in  Indiana. 

These  facts  indicate  an  unusually  favorable  condition  for  a  suc- 
cession of  life  during  long  periods,  and  for  this  reason  the  Mississippi 
River  region  above  indicated  is  taken  as  the  typical  one  for  this 
formation,  with  which  other  occurrences  of  any  of  its  members  should 
be  compared,  when  considering  their  faunal  or  stratigraphic  rela- 
tions. This  was  not  the  case  with  the  occurrences  in  southern 
Indiana  and  Kentucky,  where,  as  alre^y  pointed  out,  there  must 
have  been  frequent  changes  of  level  and  of  chemical  constituents, 
resulting  in  much  irregularity  and  interruption  in  the  deposition  of 
the  strata  and  variability  in  their  fossil  contents.  There  was 
evidently  a  strong  migration  of  Keokuk  species  to  the  southward, 
for  there  is  a  more  definite  assemblage  of  typical  forms  in  Kentucky 
and  Tennessee  than  in  the  central  Indiana  region. 

The  boundary  between  the  two  Burlington  beds  is  really  more 
sharply  marked  than  that  between  the  Burlington  and  Keokuk, 
there  being  a  much  more  gradual  transition  of  forms  between  the 
latter,  and  the  passage  beds  being  more  fossiliferous.  Between  the 
Lower  Burlington  and  the  beds  preceding  it  there  is  no  such  definite 
line  of  separation. 

In  White's  original  section  at  Burlington  *  the  top  of  the  Kinder- 
hook — ^his  bed  No.  7 — ^is  shown  to  be  an  impure  limestone,  some- 
times magnesian,  which  passes  insensibly  into  the  Lower  Burlington 
Limestone.  It  is  thin  at  that  point,  but  thickens  to  the  northwest 
to  40  feet  of  limestone  containing  iJie  rich  fossil  beds  of  LeGrand, 
in  Marshall  County;  and  to  the  southward  it  also  thickens  to  upward 
of  100  feet  in  Missouri,  where  it  takes  the  name  in  part  of  the  Loui- 
siana and  in  part  the  Choteau  Limestone;  and  occasional  highly 
fossiliferous  beds  of  shale,  like  those  at  Fern  Glen,  may  constitute  a 
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part  of  it.  While  there  is  some  difference  in  species  between  this 
and  the  beds  called  Lower  Burlington;  yet  the  general  type  remains 
the  same,  and  there  is  no  such  extinction  of  genera  and  of  con- 
spicuous species  as  is  found  between  the  later  members  of  the  for- 
mation. Below  this  bed  are  a  number  of  irregular  layers,  mostly  of 
limestone,  some  of  them  oolitic,  brecciated,  or  shaly,  and  some  of 
sandstone;  all  of  them  extremely  variable  locally  and  in  many  places 
absent;  but  everywhere  at  the  base  of  the  formation  is  a  great  thick- 
ness of  argillaceous  and  sandy  shales  overlying  the  Black  Slate.  If 
the  crinoidal  content  of  the  formations  is  to  govern,  it  would  prob- 
ably be  more  logical  and  would  simphfy  the  geology  of  the  forma- 
tion if  all  these  beds  above  the  heavy  shales  and  lower  sandstones 
were  ranked  with  the  Lower  Burlington  as  one  member.  Those 
parts  of  the  formation  embraced  in  the  Upper  Burlington  and 
Keokuk,  representing  a  period  of  culmination  and  extinction,  are 
of  relatively  restricted  extent,  while  the  earlier  portion,  namely, 
Lower  Burlington-Choteau-Waverly-Kinderhook  (in  part),  is  of 
very  wide  geographical  distribution.  It  is  found  on  Uie  flank  of 
the  Rocky  Mountains,  in  New  Mexico  and  Montana,  and  the  Moun- 
tain Limestone  of  Great  Britain  and  Belgium  is  substantially  its 
eqidvalent,  containing  most  of  its  characteristic  genera,  and  many 
species  scarcely  distinguishable,  but  none  of  those  peculiar  to  the 
succeeding  members  here. 

No  one  acquainted  with  the  fauna  of  this  formation,  as  disclosed 
at  numerous  localities  in  the  typical  region  above  indicated,  would 
ever  mistake  a  set  of  crinoids  from  the  Lower  Burlington  for  Keokuk, 
or  the  opposite.  While  a  few  of  the  more  generalized  forms,  like 
OyathocrinuSy  are  similar,  the  characteristic  species  are  widely 
different,  and  several  important  genera  have  become  wholly  extinct 
within  the  Burlington,  e.  jr.,  MegistocrinuSy  AmpTwracrinuSj  Cacto- 
crimiSj  Steganocrimbs,  Tddocrinus,  Strotocrinua,  the  discoid  Platy- 
erini,  MeticJUhyocrirmSj  Mesfiloerinus,  Wachmavihicrinus,  Bdemno- 
erinuBy  and  the  blastoid  genera  (hophocrinus,  SchizohlaMus,  Crypto- 
lilastusy  Oriitremites,  and  Codaster.  On  the  other  hand,  the  paired 
arm  structure  so  frequent  in  the  Keokuk — as  in  Dizygocrinu9 — ^is 
known  in  but  one  species  in  the  Lower  Burlington;  the  large  and 
rugose  Adinqcrini,  Darycrini,  and  Agaricocrini  are  represented  only 
by  a  few  small  and  delicate  species;  and  the  important  genera  of  the 
flexiblia,  Onyckocrinua  and  the  so-called  Farbesiocrinus  of  the  type 
of  F.  woriheni,  etc.,  not  at  all.  In  the  typical  region  there  is  no 
trouble  whatever  in  distinguishing  these  beds  by  their  crinoidal 
fauna. 

But  when  we  come  to  species  described  from  the  southern  Indiana- 
Kentucky-Tennessee  region,  and  the  collections  made  therein  by  Lyon, 
Safford,  Wachsmuth,  Oreene,  and  others,  I  have  been  constantly 
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perplexed  by  the  reference  to  the  Keokuk  horizon  of  many  forms, 
including  several  genera  which  had  never  been  seen  in  that  position 
in  the  typical  region,  but  which  would  have  seemed  perfectly  at  home 
in  the  Lower  Burlington.  These  reputed  occurrences  seriously  inter- 
fered with  the  logical  sequence  of  several  specialized  genera,  whose 
position  was  otherwise  perfectly  clear.  After  a  while  I  came  to  sus- 
pect that  the  real  trouble  lay  in  the  correlation  of  the  Knobstone  beds, 
and  I  concluded  to  undertake  a  reexamination  of  that  region,  with  a 
view  of  determining  the  actual  horizon  of  its  fossils.  In  this  I  was 
encouraged  by  Doctor  Weller  of  the  University  of  Chicago,  who 
expressed  the  opinion,  based  upon  his  own  extensive  studies  of  the 
Einderhook,  that  the  Knobstone  fauna  was  more  likely  to  prove 
Ejnderhook  than  Keokuk. 

Accordingly,  in  1909, 1  sent  the  veteran  collector,  Frederick  Braun, 
into  the  field  to  make  a  careful  and  systematic  collection  from  the  so- 
called  Knobstone  beds  from  the  northern  limit  of  the  knobs  in  Indi- 
ana, to  and  including  the  famous  Button-mould  Knob  region  of  Jeffer- 
son and  BuUit  counties,  Kentucky,  and  thence  as  far  south,  along  the. 
Devono-Carboniferous  outcrop,  as  time  would  permit.  He  spent  the 
entire  season  at  this  work,  covering  the  ground  thoroughly  from  Wash- 
ington and  Clark  counties,  Indiana,  to  Marion  Coimty,  in  central 
Kentucky.  Good  specimens  of  crinoids  have  always  been  rare  at  the 
Knobs,  but  Braun  was  instructed  to  collect  minutely  all  fragments 
and  detached  plates.  In  this  way  he  accumulated  a  large  quantity 
of  material  from  the  weathered  slopes  of  the  talus — the  so-called 
Button-mould  washes — and  from  ravines  and  fields  formed  by 
their  erosion.  The  crinoids  are  chiefly  derived  from  the  disintegra- 
tion of  thin  limestone  bands  interbedded  in  the  argillaceous  shales 
and  marls,  and  are  usually  highly  siUcified,  often  pure  flint.  It  is 
rarely  possible  to  find  them  in  place,  and  therefore  we  can  not  desig- 
nate the  exact  layers  from  which  they  came;  but  it  is  usually  practi- 
cable to  fix  their  approximate  limits,  and  to  say  whether  they  were 
derived  from  the  main  body  of  the  Elnob,  or  only  from  siUceous  lime- 
stones at  the  upper  part  of  the  section. 

This  material,  when  assembled,  showed  clearly — 

1 .  That  there  were  no  characteristically  Keokuk  forms  in  the  debris 
of  the  Knobs  in  southern  Indiana,  or  those  of  the  Button-mould  Knob 
region;  but  farther  south  in  Marion  County,  where  well-defined  heavy 
beds  of  siliceous  limestone  cap  the  hills,  true  Keokuk  species,  such  as 
Dorycrinus  govJdi,  Actinocrinus  jugosus,  Agaricocrinus  americanus, 
began  to  appear,  more  or  less  intermingled  with  the  others,  but  their 
origin  was  evident. 

2.  That  the  whole  fauna,  except  the  last-mentioned  occurrences, 
is  of  unmistakably  Lower  Burlington  type. 
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3.  That  this  fauna  includes  a  number  of  reputed  Keokuk  species 
occurring  at  Whites  Creek  Springs,  Tennessee,  where  true  Keokuk 
forms  are  also  known  to  occur;  among  these  the  rare  '^IcJUhyocrinus^' 
tiararformis  of  Troost. 

As  the  Whites  Creek  region  was  known  to  present  a  section  from 
the  Niagara  to  the  Warsaw,  and  to  be  one  of  tremendous  erosion, 
it  now  seemed  probable  that  the  equivalent  of  the  Button-mould 
Elnob  beds  would  be  found  there,  although  not  heretofore  recognized, 
with  an  intermingling  of  fossils  from  the  erosion  of  these  and  the 
overlying  Keokuk  beds,  which  would  account  for  the  confusion  of 
faunas  already  mentioned.  I  therefore  thought  it  advisable  to  have 
that  region  carefully  searched  anew,  under  the  guidance  of  an  expe- 
rienced geologist.  I  was  so  fortunate  as  to  enlist  the  interest  of  Dr. 
R.  S.  Bassler,  of  the  U.  S.  National  Museum,  in  the  question,  and  he 
readily  consented  to  undertake  the  examination,  which  he  made  in 
company  with  Mr.  Braun,  in  June,  1910,  after  first  carefully  studying 
the  beds  at  Button-mould  Knob  and  vicinity.  My  thanks  are  due  to 
Dr.  Richard  Rathbun,  assistant  secretary  of  the  Smithsonian  Insti- 
tution, for  kindly  granting  Doctor  Bassler  leave  of  absence  from  office 
duties  for  that  purpose. 

Doctor  Bassler's  observations,  more  fully  set  forth  in  his  accom- 
panying paper,  clearly  demonstrated  that  the  Button-mould  Knob 
beds  are  present  at  Whites  Creek,  and  fully  confirmed  the  suspicion 
of  the  intermingling  of  their  fossils  with  those  of  the  Keokuk  lime- 
stones above.  Plis  researches  have  cleared  up  the  complex  stratig- 
raphy of  that  region,  and  placed  the  correlation  of  the  Eoiobstone 
beds  upon  a  sound  basis,  as  shown  in  his  account,  where  the  geological 
details  are  given  in  full.  A  series  of  authentic  collections,  made  at 
the  same  time  by  Mr.  Braun,  makes  possible  a  close  comparison  of  the 
Whites  Creek  fauna  with  that  of  the  Knobs.  In  addition  to  this,  I 
have  had  the  advantage  of  examining  the  collection  of  the  Vander- 
bilt  University  in  Nashville,  which  was  generously  placed  at  my  dis- 
posal by  Prof.  L.  C.  Glenn,  of  the  department  of  geology  of  that 
institution.  It  includes  the  original  collection  of  Safford,  with  others 
since  made  by  Professor  Glenn,  and  is  a  useful  addition  to  the  other 
material  when  interpreted  in  the  light  of  our  present  knowledge  of  the 
Whites  Creek  beds. 

I  may  mention  also  that  during  Mr.  Braun's  work  of  1909  he  made 
a  general  collection  of  other  fossils  at  the  Knobs,  which  I  placed  in  the 
hands  of  Doctor  Weller,  who  informs  me  that  he  finds  them  of  a 
decidedly  pre-Keokuk  type.  And  in  this  connection  I  would  also 
call  attention  to  Weller's  paper  on  the  fauna  of  the  Fern  Glen  forma- 
tion,* from  ahaly  layers  inmiediately  underlying  limestones  referable 
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to  the  Burlington.  These  beds  are  undoubtedly  equivalent  to  some 
part  of  the  Knobs  series,  and  some  of  the  species  occurring  there  will 
be  referred  to  in  the  list  which  is  to  follow. 

The  locality  of  Whites  Creek  is  an  extremely  interesting  one.  It 
was  referred  to  by  Safford  in  his  Geology  of  Tennessee,  1860,  page 
342,  as  a  good  representative  of  his  Lower,  or  Protean,  member  of  the 
Lower  Carboniferous.  He  gave  a  list  of  the  fossils  occurring  there, 
of  which  he  said:  '*Most  of  the  above  species  occurring  outside  of 
Tennessee  are  Keokuk  forms."  And  from  that  day  to  this  every 
fossil  collected  at  Whites  Creek  above  the  Niagara  beds  has  been 
labeled  '^Keokuk,"  if  the  local  name,  Tullahoma,  was  not  employed. 
As  before  stated,  the  section  in  the  vicinity  extends  from  the  Niagara 
to  the  Warsaw.  According  to  Bassler's  section,  a  bed  of  green  Kinder- 
hook  shale  overlies  the  Black  Slate,  followed  by  about  35  feet  of 
rather  light  gray  limestone,  which  is  massive  on  first  exposure,  but 
upon  weathering  produces  material  similar  to  that  in  the  talus  of  the 
middle  or  upper  layers  in  the  Knobs.  This  limestone  is  highly  fos- 
siliferous,  and  contains  numerous  crinoid  remains.  Above  it  is  a 
heavy  bed  of  siliceous  Keokuk  Limestone,  containing  crinoids  simi- 
lar to  those  of  Barren  County,  Kentucky,  and  of  the  typical  Keokuk, 
This  weathers  to  a  reddish,  or  dirty  yellow,  clay,  which  imparts  its 
color  to  objects  embedded  in  it. 

The  country  is  rough,  with  many  hills,  ridges,  or  small  mountains, 
separated  by  numerous  ravines  and  gullies  leading  to  level  fields 
below.  Erosion  has  been  great,  and  the  gullies  and  fields  contain 
the  washings  from  the  entire  slopes  of  the  ridges  and  mountains, 
often  deposited  in  thick  and  very  ancient  clay  beds.  The  reddish 
Keokuk  Limestone  caps  the  hills,  while  the  gray  limestone  overly- 
ing the  shales  is  in  the  slopes  below  it. 

Now,  fossils  f oimd  in  place  at  the  top  of  the  hiUs  can  be  depended 
upon  as  Keokuk;  they  are  usually  reddish  or  dirty  yellow  in  color, 
like  the  rock  containing  them,  highly  siliceous,  and  often  geodized — 
a  frequent  occurrence  in  the  Keokuk.  Those  found  in  place  in  the 
gray  limestone  are  a  dirty  bluish  or  gray,  sometimes  geodized,  but 
more  often  entirely  replaced  by  silica  as  solid  as  flint.  But  these 
same  fossils,  when  transported  by  erosion  down  the  slopes,  and  buried 
under  soil  washed  from  the  beds  above,  take  on  a  reddish  or  reddish- 
brown  color;  and  as  the  fossils  of  both  beds  are  highly  siliceous,  it 
is  impossible  to  distinguish  such  specimens  with  certainty  by  their 
physical  appearance.  Again,  the  fossils  from  the  upper  beds,  when 
long  embedded  in  the  clays  derived  from  the  gray  limestone,  or  from 
the  shales  below  it,  have  lost  their  reddish  color  and  have  come  to 
resemble  those  of  the  lower  limestone.  It  is  evident,  therefore,  that 
specimens  found  in  the  washes,  gullies,  slopes,  or  fields  below  the 
top  of  the  hills  may  be  from  either  the  Keokuk  or  the  gray  limestone; 
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and  if  below  the  upper  level  of  the  latter,  may  be  from  both  inter- 
mingled. This  was  the  condition  in  a  plowed  field  where  Wachsmuth, 
over  20  years,  ago,  made  one  of  the  best  collections  ever  obtained 
at  Whites  Creek,  in  which  the  fossils,  although  evidently  mostly  from 
the  gray  limestone,  as  we  now  know,  were  nearly  all  of  the  reddish 
or  yellowish  color  of  the  soil.  In  fact,  we  not  infrequently  find  a 
specimen  which  is  partly  reddish  and  partly  bluish,  from  having  been 
buried  in  partial  contact  with  a  clay  derived  from  one  or  the  other  of 
the  beds. 

Furthermore,  in  such  limestones  as  these  gray  beds  we  may  ex- 
pect small  bands  or  pockets  colored  with  ferric  oxide,  from  which 
the  fossils  come  out  reddish  or  yellowish.  This  is  quite  frequent  in 
the  limestones  and  cherts  at  Burlington.  I  would  also  expect  to 
find  the  bluish  color  from  the  lower  beds  running  up  to  the  Keokuk 
layers. 

Hence  we  can  not  depend  upon  color  as  a  guide  to  the  origin  of 
the  specimens,  and  it  should  be  disr^arded  altogether  in  their  con- 
sideration. 

AUoprosaUocrinv^  conicus,  for  instance,  is  an  unquestioned  Keokuk 
species,  and  we  find  it  both  red  and  blue;  so  with  Lobocrinus  naah- 
viUae,  and  Agaricocrinus  americanvs.  On  the  other  hand,  species 
known  to  occur  in  the  Knobstone  layers  of  Button-mould  Knob  are 
found  here  in  both  colors — as,  for  instance,  MeticMhyocrinus  tiaras 
farmis,  CatiUocrinus  tenneaseensia,  etc.  In  general,  it  may  be  said 
that  the  fossils  from  the  lower  limestone  are  usually  more  soUd  flint, 
and  less  often  geodized,  while  those  of  the  Keokuk  beds  are  more 
imperfectly  silicified,  and  frequently  geodized.  Neither  is  this  a 
reliable  criterion,  as  these  differences  are  sometimes  found  elsewhere 
in  one  and  the  same  bed. 

The  crinoids  of  this  locaUty  are  more  frequently  found  intact 
than  at  the  Knobs,  and  we  were  f ortimate  in  securing  a  fair  series  of 
them  from  each  bed  in  place;  these  furnish  a  firm  basis  of  compari- 
son to  begin  with.    They  include  the  following  species: 

A.  Undoubted  Keokuk,  from  top  of  hills: 
Agaricocrinus  americanus. 
Agaricocrinus  nodulosus. 
Lobocrinus  vuislmlUie. 
AUoprosaUocrinus  conicus. 
Eretmocfinus  ramvlosus. 
Eretmocrinus  ^praegrams. 
Dorycrinus  govldi. 

B.  Below  the  Keokuk,  in  grey  Umestone: 

Eretmocrinus,  laige  arm  fragments  and  parts  of  calyx — ^probably 
E.  yandeUi. 
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Agaricocrinus,  small  species  with  10  arms. 
MeticTUhyocrirms  tiar(ieformi8. 
Barycrinus  camutus. 
Barycrinus,  cf .  rhymbiferua. 
Cyathocrinus,  small  smooth  species. 
Oyathocrinua,  elongate  and  highly  ornamented. 
Poteriocrinus,  lai^e  elongate  species. 
CatiUocrintLS  tennesseensis. 
Halysiocrinus  perplexus. 
SynbcUhocrinus  robustus. 
Every  one  of  list  B  was  found  at  Button-mould  Ejiob,  but  not  one 
of  list  A. 

The  material  obtained  by  Braun  from  the  Knobs,  while  abundant 
in  quantity,  seemed  rather  discouraging  at  first,  owing  to  its  frag- 
mentary character.  Along  with  a  few  complete  caUces,  it  consisted 
mainly  of  an  iounense  number  of  loose  calyx  plates.  Many  of  these, 
however,  were  of  forms  marked  by  conspicuous  and  deUcate  ornamen- 
tation, such  as  occur  peculiarly  in  the  lower  beds  at  Burlington; 
and  by  patiently  assorting  them,  I  found  that  I  could  separate  a  large 
nimiber  of  specific  forms,  in  some  cases  finding  enough  of  the  differ- 
ent plates  of  a  form  to  enable  me  to  reconstruct  representative  speci- 
mens, sufficient  for  figuring  hereafter,  in  the  case  of  several  new 
species.  These,  added  to  what  I  already  had  from  previous  collec- 
tions, notably  the  Lyon  collection  acquired  by  me  some  years  ago, 
gave  me  a  total  of  some  45  species  from  the  Knobs,  which  can  be 
compared  with  those  of  other  locaUties; 

With  these  explanations,  necessary  for  a  proper  understanding  of 
the  relations  of  this  f aima,  I  will  give  a  list  of  the  species  found  in  the 
Ejiobstone  beds  of  various  localities,  and  some  known  to  be  from 
Keokuk  beds,  lying  above  those  under  consideration.    To  save  some 
needless  repetition,  I  will  first  give  the  locaUties  to  be  referred  to: 
George  Palmer's  farm,  Clark  County,  Indiana. 
Stone's  farm,  9  miles  southeast  of  Borden  County,  Indiana. 
Near  Henryville,  Clark  Coimty,  Indiana. 
WilUams'  farm,  near  Eush  Creek,  Indiana. 
Button-mould  Knob,  BuUitt  Coimty,  Kentucky. 
Bradbury  Ejiob,  Bullitt  County,  Kentucky. 
Jacobs  Knob,  BuUitt  County,  Kentucky. 
Bells  B[nob,  Marion  County,  Kentucky. 
Bradfordsville,  Marion  County,  Kentucky. 
SaUietown,  Marion  County,  Kentucky. 
Whites  Creek,  Davidson  County,  Tennessee. 
Fern  Glen,  20  miles  west  of  St.  Louis,  Missouri. 
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LIST  OF  THE  KNOBSTONE  CRINOIDEA. 
OILBERTSOCRINUS   Phillips. 

0.  cf .  tenuiradicUus  Hall,  Lower  Burlington;  Burlington,  Iowa. 

Tbis  is  only  a  fragment,  consisting  of  part  of  an  interradial  append- 
age, rather  delicate,  ornamented  with  small,  sharp  tubercles  on  the 
dorsal  side,  and,  what  is  most  important,  having  only  two  rows  of 
covering  plates — a  true  Burlington  type,  never  found  in  the  Keokuk, 
where  all  species  have  four. 

Locality. — ^Button-mould  Knob. 

ERETMOCRINUS  Lyon  and  Casseday. 

1.  E.  yandeUi  (Shumard).  (Trans.  Acad.  Sci.  St.  Louis,  vol.  1, 
1860,  p.  76.)  Syn.  E.  prodigialis  Miller  and  Gurley.  (Bull.  No.  7, 
Illinois  State  Mus.,  1895,  p.  39.) 

Referred  to  Keokuk  Group  by  all  authors.  I  have  the  types  in 
the  Lyon  collection  from  Button-mould  Ejiob,  and  good  specimens 
were  foimd  there  and  in  neighboring  knobs  by  Braun.  Arm  frag- 
ments of  some  large  EretmocrinVfS  were  found  in  the  same  bed.  This 
well-known  species  was  referred  by  Wacshsmuth  and  Springer  to 
Lobocrinus,^  to  which  I  do  not  now  agree;  in  the  absence  of  the  arms 
which  have  not  been  found  attached,  it  is  difficult  to  place  satisfac- 
torily, but  is  more  probably  an  Eretmocrinus.  It  has  not  the  pro- 
jecting basal  rim  of  the  genus  generally,  but  this  is  true  also  of  some 
Lower  Burlington  forms,  where  the  genus  is  represented  by  several 
species ;  and  it  ranges  from  the  Kinderhook  to  the  Keokuk.  This  spe- 
cies has  not  been  found  except  at  the  Kentucky  Knobs.  Miller  and 
Gurley  described  E.  prodigialis  upon  a  specimen  of  it  from  the  type 
locality,  unusually  mature,  and  having  abnormally  a  few  extra 
arms.  This  species  has  superficially  more  of  a  Keokuk  aspect  than 
any  of  the  others  of  the  supposed  Knobstone  fossils.  It  is  very  large 
for  the  genus,  and  has  a  rugose  appearance  from  its  highly  tumid 
plates  both  dorsaliy  and  ventrally;  but  these  plates  on  the  ventral 
side,  in  well-preserved  specimens,  are  found  to  be  covered  with  a 
distinct  ornamentation  formed  by  small  raised  tubercles,  such  as  is 
not  usual  in  Keokuk  forms.  A  number  of  specimens  have  been 
found,  all  in  the  so-called  ''washes''  at  Button-mould  and  adjacent 
knobs;  but  none  at  any  true  Keokuk  locality. 

Locality. — Button-mould  and  Jacobs  Knobs,  Kentucky;  not  found 
at  Whites  Creek. 

2.  E.  praegravis  Miller. 

3.  E.  ramulosTia  HaU. 

1  North  AmerlosD  Crixioldea  Camenta,  1807,  p.  441. 
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These  are  both  large  species,  from  the  typical  Keokuk  or  passage 
beds  from  the  Burlington;  they  are  found  in  place  in  the  Keokuk 
beds  at  the  top  of  the  hills  at  Whites  Creek,  but  are  not  found  at  the 
Knobs. 

4.'  E,  cf .  matuta.  A  small  species  occumng  in  the  Lower  Burling- 
ton; several  good  specimens  at  Whites  Creek. 

LOBOCRINUS  ^A^achsmuth  and  Springer. 

L.  TUtshviUae  Hall,  is  another  typical  Keokuk  and  Upper  Burlington 
species,  found  in  the  Mississippi  River  region,  and  in  Barren  and 
Metcalfe  counties,  Kentucky.  It  occiu^  in  the  Keokuk"  beds  at 
Whites  Creek,  where  it  was  foimd  in  place,  but  not  at  the  Knobs  in 
Bullitt  County.  It  is  reported  from  one  locality  in  Marion  County, 
where  it  probably  came  from  the  limestone  beds  at  the  top. 

L,  robu8tu8  Wachsmuth  and  Springer.  Described  from  Whites 
Creek;  found  in  the  upper  Keokuk  beds,  and  not  found  at  the  Knobs. 

DORYCRINUS  Roemer. 

D.  gouldi  Hall.  Typical  Keokuk  species  of  Iowa;  is  foimd  at 
Whites  Creek,  but  not  at  Button-mould  Knob. 

AGARICOCRINUS   Hall. 

A.  aTnericanus  Roemer. 

A.nodulo8u8Meeka,ndWoTtheii;  both  typical  Keokuk  species;  are 
abundant  in  the  Keokuk  beds  at  the  top  of  the  hills  at  Whites  Creek 
but  not  found  at  the  Knobs.  There  are  fragments  of  large  Agaricocri- 
nu8  at  Button-mould,  unidentifiable,  and  a  small  form,  with  ten  arms, 
that  might  be  a  Burlington  or  Keokuk  species. 

MEGISTOCRINUS   Owen   and  Shumard. 

Fragments  of  laj^e  stems,  clearly  belonging  to  this  genus,  are  found 
at  Button-mould  and  Bradbury  Knobs,  but  have  not  been  noted  at 
Whites  Creek.  It  is  a  Devonian  genus,  becoming  extinct  with  the 
Burlington. 

AMPHORACRINUS  Austin. 

Spinous  tegmen  plates  belonging  to  this  genus  occur  at  Button- 
mould  and  Bradbury  Knobs,  Whites  "Creek,  and  at  Fern  Glen, 
Missoiui.  This  is  essentially  a  Choteau-Ijower  Burlington  genus, 
ending  with  the  latter  horizon,  where  it  is  represented  by  two  fine 
species.  Species  have  been  described  from  the  Banderhook  of 
Jersey  Coimty,  Illinois,  the  Choteau  of  SedaUa,  Missouri,  and  the 
Waverly  of  Richfield,  Ohio;  and  it  occurs  at  Lake  Valley,  New 
Mexico.  It  is  also  one  of  the  leading  crinoids  of  the  Mountain 
Limestone  of  England.  It  is  emphatically  a  pre-Keokuk  genus, 
and  did  not  so  far  as  known  even  enter  the  Upper  Burlington. 


Digitized  by 


Google 


IK).  1860.  KN0B8T0NE  CRINOID  FAUNA— SPRINGER.  189 

ACTINOCRINUS   Miller. 

A.  jugosus  Hall,  or  a  similar  species,  occur  at  Whites  Creek,  but 
not  found  in  place.  The  base  and  loose  plates  of  the  same  type  were 
foun4  at  the  Joe  Bell  Elnob,  near  licbanon,  Kentucky,  associated 
with  Darycrinus  gouldi,  and  probably  came  from  the  upper  limestone. 
There  are  also  a  few  loose  plates  at  Button-mould  Knob  referable  to 
some  species  of  Actinocrinus.  The  genus  ranges  from  the  Lower 
Burlington  to  the  Keokuk. 

CACTOCRINUS  Wachsmuth  and  Springer. 

Arm  fragments  characteristic  of  this  genus,  with  short,  spiny  nodes 
on  every  third,  fourth,  and  fifth  brachial,  were  found  at  the  Knobs. 
No  trace  of  this  genus  has  been  seen  above  the  Lower  Burlington. 

Localities. — ^Button-mould  Knob;  Stone's  Farm;  Whites  Creek; 
Fern  Glen. 

PLATYCRINUS  Miller. 

Many  detached  radial  plates,  and  a  few  basal  disks.  All  are  of 
Lower  Burlington  types,  and  not  one  of  them  can  be  positively  referred 
to  a  Keokuk  species  or  type.  Several  forms  can  be  distinguished 
which  may  be  compared  with  described  species  as  identical  or  closely 
aUied.  My  comparison  is  mainly  with  species  known  at  Burlington, 
and  not  with  those  described  by  Miller  from  the  Choteau  of  Missouri, 
some  of  which  are  probably  closer,  but  of  which  I  have  not  the  speci- 
mens at  hand. 

1.  Discoid  form,  base  only;  small,  thick,  with  very  coarse  nodes, 
elongated  toward  the  comers  of  the  basal  pentagon:  cf.  P.  yandeOi 
Owen  and  Shumard,  Lower  BurUngton. 

Locality, — Button-mould  Knob;  Bradbury  Knob,  Kentucky. 

2.  Low  discoid  form,  base  only;  very  small  with  a  single  prominent 
node  just  below  each  comer  of  basal  pentagon:  May  be  P.  ameri- 
canu8  Hall,  or  young  of  P.  yandeUi,  both  Lower  Burlington. 

Locality. — Button-mould  Knob. 

3.  Discoid  form  with  very  long  radials,  and  facets  projecting 
beyond  the  limits  of  the  calyx,  proximal  part  of  the  rays  very  deep 
and  narrow.  It  is  the  form  described  by  S.  A.  Miller  from  the  Lower 
Burlington  at  Sedalia,  Missouri,  as  P.  occidentalism^  which  is  a  good 
species  of  this  type,  and  not  a  s3monym,  as  stated  in  North  American 
Crinoidea  Camerata,  page  728. 

Locality. — ^Whites  Creek,  in  place  in  the  gray  limestone;  it  occurs 
also  at  Fern  Glen,  and  a  form  probably  identical  with  it  is  abundant 
in  the  equivalent  beds  at  Lake  Valley,  New  Mexico. 

The  discoid  Platycrini  are  characteristically  Lower  Burlington,  and 
not  Keokuk. 

1  BuU.  No.  4,  Geol.  Surv.  Missouri,  p  10. 
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4.  Elongate  form,  with  straight  sides;  very  thin  plates,  perfectly- 
smooth,  with  small  radial  facets,  deeply  indented:  P.  planus  Owen 
and  Shumard;  Lower  Burlington;  also  found  in  the  Mountam  Lime- 
stone of  Belgium. 

Locality. — ^Button-mould  Eiiob;  also  Lake  Valley,  New  Mexico. 

5.  Similar  to  the  last,  but  with  a  few  small  nodes,  forming  lines  from 
radial  facets  to  middle  and  comers  of  plates. 

Locality. — Button-mould  and  Bradbury  Knobs,  Kentucky. 

6.  Elongate  form,  with  slightly  spreading  sides;  thin  plates,  very 
small  facets,  but  Uttle  indented  in  upper  margin  of  radials;  plates 
evenly  curved,  but  Uttle  depressed  at  the  sutures.  Very  fine  nodes 
or  tubercles,  sometimes  confluent,  forming  faint  lines  parallel  to 
margins  of  plates.  One  good  calyx  and  detached  plates.  Is  nearer 
to  P.  granosvs  de  Koninck  and  Lehon  of  the  Mountain  Limestone 
of  Belgium  than  to  any  American  species,  but  may  be  compared 
with  P.  scoJnna  Meek  and  Worthen,  Lower  Burlington. 

Locality. — Button-mould  Knob. 

7.  Erect  form,  not  elongate,  slightly  spreading;  small  facets, 
directed  upward;  fairly  thick  plates  with  beveled  sutures;  rows  of 
moderate  sized  nodes  run  from  facets  to  comers  of  radials:  P.  pociZ- 
liformiSf  Lower  Burlington  Limestone. 

Locality. — ^Whites  Creek;  one  good  calyx. 

8.  Erect  form,  large,  spreading  calyx;  thin  plates;  facets  wide  and 
shallow;  ornamented  with  good-sized  nodes,  thickly  distributed 
without  definite  arrangement  on  basals  and  radials. 

Locality. — Button-mould  Elnob;  similar  form  from  Fern  Glen, 
Missouri,  and  Lake  Valley,  New  Mexico. 

9.  Elongate  form,  medium  size,  with  spreading  cup  and  stronger 
plates  than  the  preceding;  ornamented  with  a  few  scattered  nodes  on 
radials  and  basals;  radial  facets  wide  and  shallow:  P.  verrucosus 
Hall,  Lower  Burlington,  but  larger  than  usual  at  Burlington. 

Locality. — Button-mould  Knob. 

10.  Elongate,  caljrx  moderately  spreading;  large,  with  strong  plates; 
radial  facets  wide;  smooth,  or  slightly  marked  with  obscure  ridges: 
P.  scvlpius  Hall,  Lower  Burlington. 

Locality. — Button-mould  Knob;  Bradbury  Knob;  and  Bell  Knob, 
near  I^ebanon,  Kentucky.  This  is  the  only  form  that  might  perhaps 
be  referred  to  a  Keokuk  species  of  Platycrinus  or  Eudadocrinus. 
Some  plates  from  Bell  Knob  are  more  elongate  than  those  at  Button- 
mould  Knob,  but  similar  variations  from  moderate  to  quite  elongate 
can  be  seen  among  specimens  from  Burlington  labeled  as  above. 

11.  Base  of  a  small,  smooth  species,  similar  to  P.  burlingtonensis 
Owen  and  Shumard,  Lower  Burlington. 

Locality. — Stone's  farm,  Clark  County,  Indiana. 
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A  close  comparison  with  actual  specimens  from  the  EngUsh  Lower 
Carboniferous  may  show  some  of  the  above  forms  to  be  indistinguish- 
able from  them  by  the  calyx  alone.  It  is  interesting  to  note  in  pass- 
ing that  the  only  American  Platycrini  having  a  long  anal  tube  like 
P.  Idevis  of  the  English  and  Irish  Mountain  Limestone,  as  figured  by 
Austin,  are  one  from  the  Lower  Burhngton  and  one  from  the  Lower 
Carboniferous  beds  in  Nevada,  The  best  known  and  best  preserved 
species  of  the  Burlington  and  Keokuk  have  nothing  of  the  kind. 

WACHSMUTHICRINUS  Springer. 

1.  W.  spinosulus  (Miller  and  Gurley).  Described  as  Ichffi/yocriv/ua, 
and  said  by  the  authors^  to  have  been  ''found  in  Clark  County, 
Indiana,  in  what  is  called  the  Knobstone,  but  which  we  think  must 
be  of  the  age  of  the  Keokuk  Group." 

Locality. — Several  specimens  are  from  Stone's  farm,  Clark  County, 
Indiana,  and  Mr.  Greene  informs  me  that  the  type  was  found  by  him 
at  the  same  place. 

2.  A  smooth  form,  without  nodes  or  spines,  undescribed,  from 
the  same  locahty,  and  also  from  the  Eoiobstone  beds  in  the  neigh- 
borhood of  Junction  City,  Kentucky,  along  the  outcrop  eastward 
from  Lebanon. 

This  genus  is  characteristically  Lower  Burlington,  a  single  speci- 
men only  being  known  from  the  upper  bed.  It  occurs  also  at  Fern 
Glen,  Missouri,  Lake  Valley,  New  Mexico,  and  in  the  Mountain  Lime- 
stone of  England. 

MESPILOCRINUS  de  Koninck  and  Lehon.  ' 

Good  specimens  of  two  new  species  at  Button-mould  Knob  and  at 
Stone's  farm;  also  stem  fragments  at  Fern  Glen,  Missouri.  The 
genus  occurs  in  the  Mountain  Limestone  of  Belgimn  and  England, 
and  in  the  Lower  and  (rarely)  Upper  Burlington  Limestone  at 
Burlington,  and  in  the  Choteau  of  Missouri.  It  is  a  highly  special- 
ized form,  and  no  trace  of  it  has  ever  been  seen  in  the  Keokuk  rocks. 

METICHTHYOCRINUS  Springer. 

1.  M.  tiaraeformis  (Troost,  Hall).  Described  as  Ichthyocriivus, 
and  the  horizon  is  stated  by  Hall,  Wachsmuth  and  Springer,  and 
Miller,  simply  as  the  Subcarboniferous.  Oral  tradition  has  always 
assigned  it  to  the  Keokuk,  and  in  the  repubUcation  of  Troost's 
Monograph'  the  horizon  is  given  as  the  '^Keokuk  horizon  of  the 
TuUahoma  formation."  The  type  is  from  Whites  Creek,  of  a 
rather  neutral,  or  dirty  yellowish  color.  I  have  another  almost 
identical  with  it;  one  of  a  more  reddish  color;  and  two  of  a  decided 

1  BoU.  nilDOis  state  Mu8.|  No.  6,  p.  46.  •  BuU.  64,  U.  8.  Nat.  Mu3.,  p.  100. 
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bluish  gray,  one  of  which  came  directly  out  of  the  gray  limestone 
of  that  locality.  There  is  also  a  very  dark,  flinty  specimen  from  a 
*knob  just  south  of  Louisville. 

2.  M.  darkensis  (Miller  and  Gurley);  said  by  the  authors  to  be 
from  the  Keokuk  or  Warsaw  Group,  Clark  County,  Indiana.^  I  have 
specimens  of  it  from  the  Elnobstone  at  Stone's  farm,  and  near  Henry- 
ville,  Clark  County,  Indiana,  and  I  have  no  doubt  that  the  type  came 
from  the  same  horizon;  I  also  have  it  from  Button-mould  Knob. 

The  genus  is  well  represented  in  the  Lower  Burlington  by  2f, 
hurlinfftonerisis,  and  the  species,  or  a  similar  one,  occurs  at  Fern  Glen, 
Missouri.  Fragmentary  specimens  from  Button-mould  Knob  might 
also  be  referred  to  it,  as  it  cannot  be  distinguished  from  M.  darkensis 
by  the  base  alone.  Only  one  doubtful  specimen  of  the  genus  has 
been  reported  from  the  Upper  Burlington,  and  no  indication  of  it 
has  ever  been  seen  in  the  typical  Keokuk. 

TAXOCRINUS  Phillips. 

A  highly  ornamented  form,  of  which  we  have  only  broken  parts  of 
calyx  and  arms,  not  resembling  any  Keokuk  species,  but  nearer  to 
an  undescribed  species  from  the  Lower  Burlington  at  Burlington. 

Locality. — Button-mould  Knob;  Stone's  farm,  Clark  County, 
Indiana. 

FORBESIOCRINUS  de  Koninck  and  Lehon. 

Calyx  plates  similar  to  those  from  the  Mountain  Limestone  of 
Toumai,  Belgium,  were  found  at  Stone's  farm,  and  Palmer's  farm, 
Clark  Coimty,  Indiana,  and  Button-mould  Knob,  Kentucky;  also  at 
Fern  Glen,  Missouri,  and  Lake  Valley,  New  Mexico.  Recent  studies 
of  the  type,  and  some  better  specimens  siQce  found,  of  de  Koninck 
and  Lehon's  species,  F.  nohilis,^  have  shown  that  this  is  a  good  genus, 
and  that  the  name  will  stand  as  proposed  by  the  authors.  But  the 
Belgian  species  belongs  to  a  type  quite  distinct  from  all  the  American 
species  which  have  been  described  under  this  name,  with  the  single 
exception  of  Hall's  Forbesiocrinus  communis*  from  the  Waverly 
Group  at  Eichfield,  Ohio,  a  horizon  equivalent  in  part  to  the  Knob- 
stone. 

F,  saffordi  (Hall),^  the  largest  species  of  the  genus.  The  original 
specimen  came  from  Whites  Creek,  and  is  of  a  preservation  much 
resembling  those  specimens  found  in  place  in  the  Keokuk  beds. 
I  have  several  specimens  of  the  species  from  the  red  clays  of  the 
Warsaw  horizon  at  Spergen  Hill,  Indiana,  and  there  is  no  doubt 
that  it  belongs  to  the  upper,  true  Keokuk,  beds  at  Whites  Creek. 

1  BuIL  No.  5,  minois  State  Mas.,  p.  43.  >  Pal.  Ohio,  vol.  2,  p.  168;  pi.  12,  figs.  4,  6;  not  fig.  3. 

>  Bech.  Grin.  Carb.  Be]g.,  1864,  p.  121.  «  Suppl.  Oeol.  Iowa,  1860,  p.  87.   ' 
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EURYOCRINUS  Phillips. 

This  genus  was  described  from  the  Lower  Carboniferous  of  York- 
shire, England.  It  has  since  been  recognized  in  the  Devonian  of 
this  country,  and  a  well-defined  species  is  now  found  in  the  Knob- 
stone  beds  of  Whites  Creek  and  the  B[nobs  of  Kentucky  and  Indiana. 

SYNBATHOCRINUS   Phillips. 

1.  8,  robustus  Shumard.*  Originally  described  from  Button-mould 
Knob,  where  the  author  says  it  is  '^rather  abundant  in  the  blue  marl 
layers,  interstratified  with  the  fine  grained  sandstone."  It  is  listed 
as  from  the  Keokuk  Group  by  Worthen,^  Wachsmuth  and  Springer,' 
Miller,*  and  Weller.*  It  is  an  abundant  and  widely  distributed 
species,  notable  for  being,  when  mature,  the  largest  of  the  genus. 
I  have  it  from  Palmer's  farm,  Clark  County,  Indiana;  Button-mould 
and  Bradbury  Knobs,  and  B'radfordsviQe,  Kentucky;  and  Whites 
Creek,  Tennessee.  At  Whites  Creek  we  find  it  in  both  the  reddish 
and  bluish  preservation,  and  in  place  in  the  grey  Kjiobstone  beds, 
but  not  in  the  Keokuk  beds  above.  Worthen's  specimen,  figured 
in  Geological  Survey  of  Illinois,  vol.  6,  plate  29,  was  from  Greene 
County,  Illinois,  where  Kinderhook,  Burlington,  and  Keokuk  are  all 
present,  although  the  Kinderhook  is  said  to  be  nonfossiliferous.  It 
is  possible,  however,  that  it  came  from  the  Keokuk  beds,  and  is  an 
unusually  large  example  of  8.  swaUovi,  which  occurs  in  the  Keokuk 
and  Warsaw.  8ynb<Uhocrinu8  is  one  of  the  genera  which  persists 
through  the  crinoidal  formation  with  but  little  change,  and  species 
from  the  different  horizons  are  often  hard  to  distinguish.  It  is  to  be 
noted,  however,  that  the  specimens  of  this  genus,  occurring  at  un- 
doubted Keokuk  localities  in  southern  Indiana  and  Kentucky  are 
invariably  much  smaller  than  8.  robustus,  and  this  species  has  not 
been  found  at  any  locality  where  the  Knobstone  beds  do  not  occur. 
The  genus  begins  in  the  Devonian,  occurs  abundantly  in  the  Lower 
and  Upper  Burlington  of  Iowa  and  Missouri,  culminating  in  the  latter, 
and  becoming  extinct  in  the  Warsaw.  It  is  found  in  the  Lake  Valley 
beds  of  New  Mexico,  and  the  Mountain  Limestone  of  England;  a 
species  is  described  by  Wetherby  from  the  Kinderhook  beds  at  Kings 
Mountain  Tunnel;  Kentucky,  and  one  by  Hall  from  the  Goniatite 
limestone  (Kinderhook)  of  Rockford,  Indiana. 

Locality. — ^As  above  stated. 

2.  8.  angvlaris  Miller  And  Gurley,"  is  described  from  Button-mould 
Knob,  as  Keokuk.  A  small  form  with  more  angular  plates  than  the 
last,  but  found  associated  with  it,  and  perhaps  only  its  younger  stage. 

1  Tiaofl.  Aead.  8ci.  St.  Loais,  vol.  2, 1800»  p.  997.        «  North  Amer.  Oeol.  and  Pal.,  1889,  p.  28fi. 
s  Oeol.  Sorv.  lUixiois,  vol.  6,  p.  514.  •  Bull.  153,  U.  S.  Oeol.  Burv.,  p.  618. 

>  Rev.  Pal.,  vol.  3,  p.  169.  •  Boll.  No.  5,  nUnois  State  Mus.,  p.  42. 
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Z^coZi^y .-7-Button-inould  and  Bradbury  Ejiobs,  Kentucky;  and 
Stone's  farm,  Indiana. 

HALYSIOCRINUS  Ulrich. 

1.  H.  perplexus  (Oheirocrinus  perplexus  Shumard,)  *  is  described 
from  Button-mould  Ejiob  as  '^in  blue  calcareous  shale,  supposed  to 
be  of  the  age  of  the  Keokuk  division  of  the  Archimedes  Limestone/' 
and  listed  as  of  that  horizon  by  Wachsmuth  and  Springer,  Miller, 
and  Weller.  A  very  large,  broad-based  form,  with  surface  strongly 
granular  or  pustulose. 

Locality. — ^Very  abundant  at  the  type-locality,  and  more  rare  at 
Bradbury  Knob  and  in  Marion  County,  Kentucky;  Whites  Creek, 
Tennessee;  Palmer's  farm,  Clark  County,  Indiana. 

2.  A  medium-sized,  much  narrower  form  occurs  at  Stone's  farm, 
Clark  County,  Indiana,  perhaps  undescribed. 

This  genus  also  comes  up  from  the  Devonian  and  is  well  repre- 
sented in  the  Burlington  and  Keokuk,  where  it  ends.  The  Knob- 
stone  species,  especially  the  large  pustulose  form,  is  much  nearer 
to  one  occurring  in  the  Hamilton  of  Alpena,  Michigan,  than  it  is  to 
the  Keokuk  forms  of  Iowa  and  Indiana. 

CATILLOCRINUS  Shumard. 

C.  tennesseeae  (Troost)  Shumard.*  Troost's  type  was  from  Whites 
Creek,  Tennessee,  as  stated  by  Shumard,  who  saw  the  specimen  at 
Nashville  in  1847.  The  specimens  in  the  Troost  collection,  men- 
tioned in  the  publication  of  his  monograph.  Bulletin  64,  U.  S.  National 
Museum,  page  25,  are  said  to  be  from  Button-mould  Knob.  Those 
from  which  Shumard  made  his  description  were  from  the  latter 
locality  ''in  blue  marls  and  marly  limestones,  which  I  suppose  to 
be  of  the  age  of  the  Keokuk  division,''  and  the  species  is  listed  from 
that  horizon  by  Wachsmuth  and  Springer,  Miller,  and  Weller.  I 
have  numerous  specimens  from  both  the  above  localities,  and  also 
from  Palmer's  farm,  Clark  County,  Indiana.  It  has  never  been 
found,  to  my  knowledge,  in  any  typical  Keokuk  locaUty  in  Iowa, 
Illinois,  Missouri,  or  Kentucky.  Gorby*  reports  it  as  occurring 
in  the  red  Warsaw  clays  on  Rush  Creek  in  Williams's  farm,  8  miles 
northwest  of  Salem,  Indiana,  associated  with  numerous  ^'Pentre- 
mites  of  various  species,  and  Batocrinus,  AUoprosaMocrirms,  and 
several  specimens  of  CatiUocrintLS  tennesseeae  Troost,  which  are 
locally  known  as  'quart  cups.'  "  If  actually  found  so  associated, 
it  must  have  been  in  some  gully  where  the  Warsaw  fossUs  were 
mixed  with  Knobstone,  which  is  exposed  to  a  thickness  of  50  feet 
on  the  same  farm.     I  have  good  specimens  of  the  genus  from  the 


I  Tnms.  St.  Loula  Acad.  Sci.,  vol.  3, 1866,  p.  3£8. 
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typical  Keokuk  at  Crawfordsville  and  Indian  Creek,  and  they  are 
much  smaller  than  this,  as  are  also  those  of  the  Upper  Burlington. 
This  is  the  largest  species  of  the  genus,  and  it  has  been  thought 
that  this  makes  for  the  Keokuk  character  of  the  horizon.  But  the 
fact  is  that  the  course  of  this  genus  was  one  of  degradation  and 
gradual  extinction  of  vitality.  It  represents  a  high  specialization, 
which  began  in  the  Devonian  with  Mycocrinus  of  the  Eifel  and  per- 
sisted through  this  genus  into  the  St.  Louis,  where  its  last  representa- 
tive, as  found  at  Huntsville,  Alabama,  is  a  depauperate  form  of 
very  diminutive  size.  Therefore  it  is  perfectly  in  accord  with  the 
facts  to  consider  that  the  line  of  development  culminated  in  size  with 
the  present  species  in  the  marls  of  the  Knobstone,  not  later  than  the 
age  of  the  Lower  Burlington. 

CYATHOCRINUS  Miller. 

This  is  a  genus  of  wide  geographical  distribution  and  long  life.  It 
is  a  form  of  simple  organization  and  generalized  type,  its  calyx  con- 
sisting of  infrabasals,  basals,  radials,  and  an  anal  plate,  just  as  we 
find  in  the  larva  of  some  Antedons  to-day.  It  ranges  from  the  Silurian 
to  the  end  of  the  Keokuk.  It  underwent  slight  changes  with  time, 
and  ran  its  course  to  extinction  without  any  extravagant  develop- 
ment, as  is  usually  the  case  with  the  simpler  types.  Except  by  the 
color,  and  character  of  the  matrix,  it  is  hard  to  distinguish  between 
a  smooth  Cyathocrinus  of  the  Burlington  and  one  from  the  Keokuk. 
About  10  species  are  recognized  from  the  Silurian,  chiefly  from  Got- 
land; true  OyaOiocrinuB  has  not  been  noted  in  the  Devonian,  but  its 
acme  came  in  the  Lower  Carboniferous,  from  which  there  have  been 
described  species  referable  to  the  genus  as  follows:  Mountain  Lime- 
stone of  England,  9;  Kinderhook,  1;  Choteau,  1;  Lower  Burling- 
ton, 7;  Upper  Burlington,  6;  Keokuk,  18;  from  which  numbers 
some  deduction  must  be  made  for  synonyms,  especially  in  the  Keokuk. 
The  species  described  and  listed  from  the  St.  Louis,  Maxville  Group 
(=Kaskaskia),  and  Lower  and  Upper  Coal  Measures  do  not  belong 
to  this  genus. 

Oy(UhK)cnnu8  was  evidently  a  very  prominent  crinoid  in  the  Ejiob- 
stone  formation,  and  flourished  in  profusion  in  a  variety  of  beautiful 
forms,  most  of  them  highly  ornamented;  several  of  them  are  unde- 
scribed.  The  Lower  Burlington  described  species  are  mostly  small, 
and  a  majority  of  them  smooth.  The  ornamented  ones,  or  some  of 
them,  are  represented  or  closely  paralleled  by  species  at  some  of  the 
Knobstone  locaUties.  My  material  from  the  Knobs  consists  chiefly 
of  isolated  plates;  but  by  separating  these  into  well-defined  groups 
and  reconstructing  some  calices  in  part,  it  is  sufficient  to  indicate  the 
existence  of  at  least  8  well-marked  species,  and  to  afford  a  good  descrip- 
tion of  them  by  which  they  can  be  readily  identified.    Most  of  these 
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are  represented  at  Whites  Creek,  whete  we  find  better  preserved 
calices  of  some  of  the  species. 

1.  Rather  elongate,  large,  and  robust.  IBB  low;  BB  lai^e,  elon- 
gate; RR  smaller  than  BB;  radial  facets  deep,  directed  outward. 
Ornamented  with  low  ridges  and  broad  furrows  from  facets  to  center 
of  BB  and  down  to  IBB,  also  from  center  to  center  of  BB,  where,  they 
meet  in  a  prominent  knob.  This  is  of  the  type  of  0.  barriai  of  the 
Lower  Burlington,  but  much  stronger  and  coarser.  Much  closer  to 
it,  however,  is  G.  JceUoggi  White,  which  is  a  large  species  with  similar 
ridges  and  broad  furrows,  and  tumid  basals,  and  the  two  forms  may 
well  be  identical.  Doctor  White's  species  is  stated  in  the  description  ^ 
to  be  from  the  Keokuk  Limestone.  This  must  have  been  a  pure 
lapsus  penndR.  I  have  the  typenspecimen  before  me,  with  the  original 
label  by  Doctor  Bands  (to  whose  collection  it  belonged)  showing 
that  it  came  from  Honey  Creek,  Henderson  County,  Illinois.  The 
Keokuk  is  not  exposed  at  that  locality,  but  the  Burlington  is,  quite 
extensively,  chiefly  the  upper  bed,  although  the  section  in  the  vicinity 
goes  down  to  the  Kinderhook.  From  the  appearance  of  the  specimen 
itself  no  collector  f amiUar  with  these  rocks  would  ever  mistake  it  for 
Keokuk.  I  have  other  specimens  of  it  from  the  Upper  Burlington, 
and  that  may  be  safely  taken  as  its  horizon.  Two  English  Mountain 
Limestone  species  have  similar  knobs  at  the  center  of  the  basals,  but 
the  ridges,  if  present,  are  not  well  shown  in  the  types.  A  similar 
ornamentation  is  found  in  a  Keokuk  species  which  is  abundant  at 
Indian  Creek,  Indiana,  and  Boonville,  Missouri,  but  the  specimens 
are  uniformly  small,  with  a  low  calyx  and  concave  base. 

Locality. — Button-mould,  Bradbury,  and  Bell  Bjiobs,  Kentucky; 
Palmer's  farm,  Clark  County,  Indiana;  and  Whites  Creek,  Tennessee, 
from  which  I  have  a  complete  calyx.  Plates  are  so  abundant  at 
some  of  the  other  locaUties  that  I  have  reconstructed  a  large  calyx 
from  them. 

2.  Elongate,  large,  with  tall,  erect  IBB;  BB  elongate,  longer 
than  RR,  and  not  protuberant;  RR  rather  short,  radial  facets  rather 
shallow,  directed  outward.  Surface  highly  ornamented  with  numer- 
ous strong,  rugose  wrinkles  or  tubercles,  tending  to  become  confluent, 
usually  in  no  definite  order.  There  is  considerable  variety  in  size 
and  shape  of  the  tubercles,  but  all  follow  the  same  general  plan.  It 
is  a  very  striking  and  beautiful  species.  C.  rigidus  White,  from  the 
Lower  Burlington,  has  a  somewhat  similar  pustulose  surface,  but  the 
pustules  are  well  separated,  and  the  calyx  is  small,  low,  and  rotund. 
C,  amicus  Phillips,  from  the  Mountain  Limestone  of  England,  has  a 
rather  similar  elongate  form,  but  the  type  does  not  show  distinct 
ornamentation.  The  species  may  be  compared  with  (7.  muUibrachiar 
ius  of  the  Keokuk,  which  is  similarly  large  and  elongate,  but  usually 

<  Proo.  Host.  Soc.  Nat  Hist,  vol.  9,  p.  8. 
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has  only  a  few  scattered  tubercles,  though  some  specimens  have  them 
considerably  like  this. 

Locality, — Button-mould,  and  other  Knobs  in  the  vicinity,  and  in 
Marion  County,  Kentucky;  Palmer's  and  Stone's  farms,  Clark 
County,  Indiana;  Whites  Creek,  Tennessee.  From  the  latter  I  have 
a  very  large  calyx,  supplementing  a  good  reconstructed  calyx  from 
the  other  locaUties. 

3.  Elongate,  medium  size,  with  high  BB  apparently  much  larger  than 
RR,  which  have  deep,  narrow  facets,  not  projecting  and  directed  out- 
ward; IBB  not  found,  but  probably  high,  as  in  the  last  species.  Sur- 
face very  strongly  ornamented  with  sharp,  elevated  ridges  and  narrow 
furrows  radiating  from  the  facets  and  passing  three  or  more  parallel 
to  centers  of  BB,  thence  to  centers  of  adjoining  BB,  and  down  to  the 
IBB.  It  is  superficially  similar  to  species  2,  but  distinct  in  form  of 
radial  facets  and  regular  arrangement  of  ornament  into  ridges;  the 
isolated  plates  of  the  two  can  be  separated  with  certainty  at  a  glance. 
There  is  no  other  American  species  with  which  it  can  be  compared; 
C.  lameUosus  White,  from  the  Upper  Burlington,  faintly  resembles  it 
in  its  few  sharp  ridges,  but  it  is  short  and  of  a  very  different  type. 
But  it  will  need  very  close  comparison  with  a  species  described  by 
Austin  ^  and  erroneously  referred  to  C.  geometricas  Goldfuss;  it  la 
said  in  the  text  to  be  from  South  Devon,  but  I  suspect  it  is  Lower 
Carboniferous. 

Locality. — ^Button-mould  and  Bradbury  Knobs,  Kentucky;  and 
Stone's  farxui  Clark  County^  Indiana. 

4.  Elongate,  medium  size;  a  delicate  species  with  thin  plates. 
BB  elongate,  RR  large,  probably  larger  than  BB,  with  deep  facet3 
not  projecting  and  directed  outward;  IBB  not  found.  Surface 
thickly  studded  with  very  small  granules  tending  to  become  confluent 
and  form  fine  lines  at  right  angles  to  the  sutures;  and  a  very  promi- 
nent five  or  six  pointed  star  in  the  center  of  BB,  composed  of  strongly 
elevated  sharp  ridges  running  nearly  to  the  edge  of  the  plates,  where 
they  thin  to  fine  points  and  do  not  pass  to  adjoining  plates;  similar 
ridges  radiate  from  the  radial  facets,  but  not  reaching  the  sutures. 
There  is  nothing  to  compare  thiswith^  save  the  last  species,  of  which 
it  may  be  a  modification;  but  we  can  never  mistake  a  plate  of  one  for 
the  other  on  accoimt  of  the  fine,  granular  surface  outside  of  the 
ridges  in  this,  whereas  in  the  last  the  intervening  surface  is  perfectly 
smooth.    We  have  a  reconstructed  calyx  minus  the  IBB. 

Locality, — ^Button-mould  and  Jacob's  Knobs,  Kentucky;  and 
Palmers,  Clark  County,  Indiana. 

5.  Rather  broadly  rotund,  medium  size;  with  low  IBB;  large  BB, 
as  wide  as  long,  much  larger  than  RR  and  not  protuberant;  RR  short 
and  wide,  facets  rather  large  and  not  projecting,  facing  obliquely 

1  Monog.  Reo.  and  Ftw.  Cria.,  p.  61,  pL  7,  figs.  Bo-t. 
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upward.  Surface  very  finely  and  uniformly  granulose,  the  granules 
{Sometimes  forming  fine  strisB  toward  or  parallel  with  the  margins  of 
the  plates.  Comparable  in  general  form  with  C.fragUis  of  the  Lower 
Burlington,  which  lacks  the  granulose  surface.  A  reconstructed 
calyx. 
Locality. — ^Button-mould  Knob,  Kentucky. 

6.  Rotimd,  medium  size,  with  thick  plates.  IBB  low;  BB  rather 
longer  than  wide,  strongly  convex  and  gibbous;  RR  smaller  than  BB, 
with  large  projecting  facets  facing  outward.  Surface  finely  granu- 
lose. Except  for  the  distinct  granidose  ornamentation,  this  form 
may  be  compared  with  C.  nodosus  of  the  Keokuk;  also  with  C.  bursa 
and  (7.  caicafiitus  of  the  English  Mountain  limestone.  It  is  probably 
the  same  species  described  by  Meek  and  Worthen  as  C.  saffordi  and 
by  Troost  (MS)  as  C.  pentaspJiericus.^ 

Locality. — ^Button-mould  and  Bradbury  Knobs  and  Newmarket, 
Kentucky;  from  the  latter  two  complete  calices. 

7.  Medium  sized;  elongate,  campanulate,  narrow  at  base  and 
abruptly  widening  at  the  arm  bases  owing  to  the  large  size  of  RR, 
which  constitute  nearly  one-half  of  the  calyx.  IBB  small,  erect;  BB 
about  half  the  size  of  RR;  facets  large,  facing  outward.  All  plates 
smooth,' BB  and  RR  low  convex,  without  ornament,  or  with  possibly 
some  low  obscure  pustules  on  BB  only,  not  on  RR.  In  its  turbinate 
form  and  smooth  surface  this  can  only  be  compared  with  (7.  choteauen- 
sis  of  the  Missouri  Choteau. 

LoccHity. — Only  identified  at  Whites  Creek,  where  a  specimen  was 
found  in  place  in  the  Knobstone  beds;  but  smooth  radials  probably 
of  the  same  species  are  frequent  at  the  Knobs. 

8.  Similar  in  general  form  and  proportion  of  plates  to  the  last;  but 
more  strongly  campanulate.  All  plates  gibbous,  with  a  few  large, 
rough  pxistules  in  the  median  parts  and  bordering  the  facets.  It  is 
very  similar  in  form  to  C.  barycUictylus,  from  the  highest  part  of  the 
Upper  Burlington. 

Locality. — Good  calices  were  found  at  Whites  Creek  in  washes  below 
the  Knobstone,  but  it  was  not  identified  at  the  other  localities. 

While  some  of  the  foregoing  species  of  Gyaihocrinus  are  undoubtedly 
indecisive  of  the  horizon,  yet  it  can  not  be  denied  that  the  entire 
facies  is  suggestive  of  the  I>)wer  Burlington  in  a  more  luxuriant 
development  than  at  the  typical  locality.  It  is  significant  that 
in  all  the  careful  collecting  made  at  the  true  Keokuk  localities  in 
Barren,  Metcalfe,  and  Allen  coimties,  Kentucky,  by  Lyon,  Wachs- 
muth,  and  Wetherby,  not  a  single  specimen  of  any  of  these  species 
appears,  and  that  none  of  them  are  among  the  fossils  found  in  place 
in  the  Keokuk  beds  by  Bassler  and  Braun  at  Whites  Creek. 

1  BnU.  64,  U.  8.  Nat.  Mus.,  p.  84,  pi.  6,  fles.  6, 7, 8. 
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I  have  not  undertaken  to  give  names  to  these  forms,  prefemng  to 
wait  until  proper  illustrations  can  be  prepared  and  closer  comparison 
made  with  described  species;  but  I  have  httle  doubt  that  most  of 
them  are  new. 

BARYCRINUS  Meek  and  Worthen. 

This  was  also  a  prominent  genus  in  these  beds.  It  ranges  from  the 
Lower  Burlington  to  the  Warsaw,  but  has  not  been  recognized  in  the 
European  Lower  Carboniferous.  It  is  a  more  specialized  type  than 
Oyaihocrinus  in  its  arm  structure,  and  the  course  of  its  development 
through  the  crinoidal  formation  was  more  in  accordance  with  the 
general  rule.  The  species  in  the  Lower  Burlington  are  relatively 
small,  with  delicate  ornamentation,  while  those  in  the  Keokuk  are 
mostly  large  and  coarse,  one  of  them  being  the  largest  Inadunate 
crinoid  in  the  American  rocks.  Some  types  persisted  through  with 
little  change  recognizable  in  the  fossils,  and  some  forms  from  the 
typical  Burlington  and  Keokuk  can  scarcely  be  distioguished  from 
one  another  except  by  the  color  and  matrix.  This  is  especially  so  in 
forms  with  a  more  or  less  stellate  base.  Seven  species  have  been 
described  from  the  two  BurUngton  beds  and  the  Choteau;  21  from 
the  Keokuk,  of  which  at  least  half  are  synonyms;  2  from  the  War- 
saw; and  1  said  to  be  from  the  St.  Louis  of  Jersey  County,  Illinois, 
which  is  doubtless  from  the  Warsaw  also.  'About  six  species  are 
represented  among  the  isolated  plates  from  the  Knobs,  some  of  them 
by  complete  calices  at  Whites  Creek,  along  with  some  additional 
species. 

1.  Medium  to  small  size,  low,  with  broad  base.  IBB  very  small 
and  flat;  BB  about  as  large  as  RR;  facets  very  large,  rather  deep 
and  elliptic,  more  resembling  those  of  Cyaihocrinus  than  usual  in  this 
genus.  The  dorsal  surface  is  traversed  by  remarkably  elevated, 
sharp,  keel-Uke  ridges,  connecting  the  facets  laterally  and  running 
from  them  without  a  break  to  the  center  of  the  basals,  thence  less 
conspicuously  branching  to  the  infrabasals;  these  divide  the  calyx 
into  ten  deep  and  wide  pits,  somewhat  resembling  a  colony  of  Litho- 
strotion  corals.  Isolated  radials  of  this  form  can  be  at  once  recog- 
nized from  all  others  by  the  four  large,  sharp  ridges  projecting  like 
cogs  from  the  rim  of  the  facet,  which  occupies  almost  the  entire  radial. 
Three  good  calices  and  a  number  of  plates  were  found  at  Whites 
Creek  showing  these  characters  beautifully.  Now  this  is  the  very 
kind  of  sculpturing,  only  more  pronounced,  that  is  found  in  a  remark- 
ably beautiful  specimen  from  the  Lower  Burlington  that  has  been  for 
many  years  in  my  collection  labeled  "-B.  rhornhiferus  Owen  and  Shu- 
mard."  It  has  the  arms  perfectly  preserved,  and  the  same  kind  of 
high,  knife-like  wrinkles  extend  for  their  entire  length;  but  on  each 
axillary  the  wrinkle  is  produced  into  a  short  spine,  as  is  also  the  case 
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with  another  Lower  Burlington  species,  B.  comuhis.  Such  peculiar 
sculpturing  has  not  been  found  on  any  Barycrinus  later  than  the 
Lower  Burlington,  and  as  shown  in  these  specimens  it  is  doubtless 
a  strong  exaggeration  of  that  of  B.  rhombiferu8,as  described,  and  usu- 
ally labeled  in  collections;  this  form  is  beautifully  ornamented  with 
fine  wrinkles,  from  which  the  above  more  striking  characters  were 
perhaps  derived,  and  it  has  also  decidedly  shallower  and  wider  radial 
facets.  As  the  form  now  described  can  be  recognized  without  the 
least  doubt,  either  by  the  calyx  or  a  single  radial,  I  have  thought  best 
to  designate  it  at  once  as  a  new  species,  Barycrinus  asperrimua. 

Locality. — As  above  stated  at  Whites  Creek.  It  was  not  f oiuid  at 
the  Knobs,  but  I  have  plates  belonging  to  it  from  the  equivalent  beds 
at  Lake  Valley,  New  Mexico. 

2.  A  species  with  long,  horn-like,  irregular,  projecting  nodes  on 
radials  and  basals,  readily  identifiable  as  B.  comvJtus  Owen  ^d  Shu- 
mard,  of  the  Lower  Burlington  Limestone.  Barycrini  with  stellate 
base,  i.  e.,  with  a  broad,  projecting  ridge  from  infrabasals  to  basals. 
giving  a  star-like  effect,  are  found  throughout  the  Burlington  and 
Keokuk,  and  several  species  have  been  described  upon  slight  modifi- 
cations of  detail  in  this.  In  this  species  the  projections  on  basals  and 
radials  are  confined  to  the  plates  on  which  they  originate,  and  are 
often  peculiarly  contorted  nodes,  pulled  out  to  all  kinds  of  irregular, 
ends,  like  a  piece  of  clay  when  pulled  in  two.  The  surface  is  other- 
wise smooth.  The  axillary  brachials,  where  the  ramules  are  given  off 
from  the  main  arms,  are  produced  into  spines,  which  become  long  and 
slender  toward  the  distal  end  of  the  arms. 

Locality. — Calyx  plates  with  the  nodes  above  described,  and  spinif- 
erous  axillary  brachials,  some  with  spines  half  an  inch  long,  are 
found  at  Button-mould  and  neighboring  knobs  in  Kentucky;  at 
Stone's  farm,  Indiana;  Fern  Glen,  Missouri;  and  at  Lake  Valley, 
New  Mexico.  Also  a  completely  typical  calyx  at  Whites  Creek, 
Tennessee;  this  has  a  radianal,  as  occasionally  occurs  in  this  genus, 
and  the  Burlington  specimens  of  this  species  have  either  an  unusually 
large  anal  plate  for  the  genus,  or  two,  with  RA  sometimes  showing 
only  at  the  interior. 

3.  A  less  rugose  and  smaller  protuberance  on  BB  and  RR,  more 
distinctly  rounded  or  spiny,  gives  a  form  closely  related  to  the  last, 
described  by  Hall  as  B.  stellatus,  from  the  Iowa  Keokuk.  It  is  a 
rather  small  species,  quite  abundant  at  Indian  Creek,  Indiana,  and 
it  has  also  spinif erous  axillary  brachials.  Both  have  very  wide, 
shallow  radial  facets,  directed  obliquely  upward.  The  two  forms  are 
closely  related,  and  doubtless  shade  into  one  another;  but  while  the 
typical  comutus  has  not  been  found  above  the  Lower  Burlington 
the  present  one  is  represented  there  as  well  as  in  the  Keokuk. 


Digitized  by 


Google 


Locality. — Several  good  specimens  were  found  at  Whites  Creek, 
and  at  Newmarket;  Kentucky;  the  latter  from  the  Elnobstone  shales, 
the  former  among  intermingled  fossils,  some  reddish  and  some  bluish- 
gray,  from  both  Keokuk  and  Elnobstone,  with  the  probability  that 
most  of  them  came  from  the  latter. 

4.  Another  closely  related,  rather  small  form  is  that  of  B.  quivr- 
qudolus  Meek  and  Worthen,  described  from  the  Warsaw  Group  of 
Illinois  and  found  at  several  localities  of  the  typical  Keokuk.  With 
only  moderate  and  often  no  projections  on  the  radials,  the  center  of 
the  basals  is  abruptly  elevated  to  a  small  point;  from  this  a  strong 
ridge,  widening  and  tending  to  form  a  shallow  grooved  depression 
between  the  margins,  runs  to  the  infrabasals,  giving  the  distinct  form 
of  a  large,  five-pointed  star  involving  the  whole  basal  portion  of  the 
calyx.  The  name ' '  steOatvs  "  would  have  been  absolutely  appropriate 
for  this.  ^  This  form  of  base  is  best  defined  in  the  Keokuk  forms,  but 
may  be  traced  from  the  Lower  Burlington,  where  it  is  found  in 
B.  rhambiferus. 

Locality. — Good  specimens  of  this  are  found  in  the  Knobstone 
shales  at  Newmarket,  Kentucky,  and  at  TThites  Creek  in  a  red  pres- 
ervation of  uncertain  horizon.  I  have  also  veiy  characteristic  speci- 
mens of  it  from  the  top  of  the  Keokuk  or  Warsaw  near  Colesburg, 
Hardin  County,  Kentucky. 

5.  Another  small  form,  with  very  small,  tumid  BB,  and  extremely 
large,  convex  RR,  with  large,  deep  facets  facing  laterally,  is  somewhat 
like  B.  tumidus  Hall,  from  the  Iowa  Keokuk.  From  the  deep  radial 
facets,  and  the  appearance  of  some  arm  fragments  that  may  belong 
to  it,  it  is  possible  that  this  and  the  next  form  may  belong  to  Oyatho- 
crinua.  Their  low  calyx  and  flat  base,  unusual  in  that  genus,  and 
the  extreme  size  of  the  facets,  occupying  almost  the  entire  plate,  lead 
me  to  place  it  here;  but  it  has  an  erectness,  and  absence  of  spreading 
in  the  calyx,  which  are  unlike  Barycrinus.  Only  the  definite  asso- 
ciation of  arms  can  settle  it. 

Locality. — There  are  good  specimens  from  Button-mould  Knob — 
one  complete  calyx — and  several  from  Whites  Creek,  in  both  reddish 
and  bluish  preservation,  but  none  found  in  place. 

6.  In  the  last  four  species  the  surface  is  smooth  and  without  orna- 
ment. There  is  another  form,  in  shape  and  size  closely  resembling 
the  last,  and  possibly  a  CyathocrinuSf  in  which  the  plates,  in  addition 
to  being  tumid,  are  surrounded  by  a  number  of  more  or  less  promi- 
nent, small  nodes,  sometimes  tending  to  arrange  themselves  in  rows 
from  center  to  center;  they  fringe  the  margins  of  the  radial  plates 
like  rows  of  beads,  and  also  the  brachials  (of  which  three  are  in  place 
in  a  ray  of  one  specimen)  all  the  way  around  to  the  ventral  furrow. 
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Aside  from  the  ornament  it  has  some  general  resemblance  to  B. 
bvUaius  of  the  Keokuk. 

Locality. — Separate  brachials  with  the  bead-like  fringe  of  nodes  are 
foimd  at  the  Knobs,  and  complete  calices  at  Whites  Creek. 

7.  A  large,  low,  widenapreading  species,  with  finely  wrinkled, 
granulose  surface  ornament  in  a  variety  of  forms;  the  surface  of  the 
plates  bent  into  broad,  low  ridges  branching  from  RR,  meeting  on  BB, 
and  passing  down  to  IBB,  with  a  slight  median  groove,  leaving  10 
shallow,  lozenge-shaped  depressions  at  the  comers  where  three  plates 
meet.  This  is  the  general  form  and  structure  of  B.  wcLchamuthi  of  the 
Lower  Burlington,  and  B.  sculptUis  of  the  Upper;  but  it  has  relatively 
thinner  plates  than  those  species.  The  surface  sculpturing  is  delicate, 
and  not  suggestive  of  any  of  the  large  Keokuk  species. 

Locality, — Plates  of  this  are  conmion  at  Button-mould  and  Brad- 
bury Knobs,  Kentucky,  and  at  Stone's  and  Palmer's  farms,-  Indiana, 
from  which  caHces  have  been  reconstructed;  also  at  Whites  Creek. 
There  is  also  a  large,  coarse  form,  with  heavy  plates,  at  the  latter 
locaHty,  probably  referable  to  one  of  the  smooth  Keokuk  species. 

8.  Large,  low,  spreading  calyx,  with  very  convex  radials  and 
strongly  tumid  basak,  without  any  connecting  ridges,  and  with  per- 
fectly smooth  surface;  it  is  a  good  example  of  B,  huUatus  Hall,  of 
the  Iowa  Keokuk. 

Locality. — ^Whites  Creek,  from  slope  with  mixed  fossils,  below  level 
of  Kiiobstone. 

While,  as  in  Oyathocrinus,  several  of  these  species  are  not  decisive 
of  horizon,  two  of  them  are  of  distinctly  Lower  Burlington  type,  and 
there  are  few  among  the  others  which  might  not  belong  to  that  for- 
mation; so  the  weight  of  evidence,  upon  this  genus  alone,  is  in  favor 
of  that  horizon  rather  than  Keokuk. 

POTERIOCRINUS   Miller. 

The  true  Poteriocrinus,  which  includes  only  a  few  out  of  the  vast 
number  of  species  described  imder  this  name,  is  represented  by  at 
least  two  species.  The  genus,  beginning  in  the  Devonian,  is  a  strong 
fossil  of  the  Mountain  Limestone  of  England  and  Belgium,  and  in 
this  country  ranges  from  the  Lower  Burlington  to  the  Keokuk. 

1.  Large,  elongate,  with  very  thin  plates  which  are  flexed  into 
deep  folds,  leaving  broad,  elevated  bands  composed  of  several  more 
or  less  sharp  ridges,  passing  from  the  radial  facets  to  one  another  and 
to  the  basak,  converging  at  the  middle  and  passing  down  to  the  in- 
frabasals;  a  pair  of  such  striated  bands  passes  right  and  left  from  one 
basal  to  another,  with  fine  granulose  ornament  between.  These 
markings  are  very  conspicuous,  and  the  plates  become  as  thin  as 
paper  at  the  sutures.    BB  elongate,  much  larger  than  RR,  which  are 


Digitized  by 


Google 


NO.  1850.  KNOBSTONE  CRINOID  PAVN A— SPRINGER,  205 

short,  with  small,  deep,  and  narrow  crescentic  facets,  having  a  trans- 
verse ridge.  IBB  of  this  species  not  found,  but  caljrx  above  them 
reconstructed  from  plates  which  are  fairly  plentiful  at  the  Knobs, 
but  not  observed  at  Whites  Creek.  It  is  of  the  same  type  as  Hall's 
''  OycUhocrinus*'  macropleuruSj^  which  has  been  erroneously  referred 
to  Vasocrinus.  It  is  a  rare  species  from  the  Lower  Burlington  at 
Burlington,  scarcely  ever  found  except  as  detached  plates;  it  also 
occurs  at  Lake  Valley,  New  Mexico.  It  is  hard  to  say  how  these 
plates  can  be  distinguished  from  those  of  P.  crassus,  of  the  European 
Lower  Carboniferous.  The  same  type  runs  through  the  Upper 
Burlington — P.  doris — ^mto  the  Eeokuk,  where  it  culminates  in  a 
very  large  new  species,  which  I  expect  shortly  to  describe. 

2.  Elongate  calyx,  with  perfectly  smooth  surface,  no  ridges  or  fur- 
rows, and  very  thin  plates;  represented  by  the  iofrabasal  circlet  at- 
tached to  proximal  column  joints,  and  a  few  loose  basal  and  radial 
plates,  all  from  the  Knobs.  Not  known  at  Burlington,  but  indis- 
tinguishable in  the  parts  preserved  from  specimens  of  P,  spissus 
from  Toumai,  Belgium. 

3.  A  very  large,  low,  broadly  spreading  form,  with  stronger  plates 
than  the  preceding;  smooth  surface,  and  obscure  connecting  ridges. 
RR  very  wide  and  larger  than  BB;  facets  wide  and  shallow,  with  dis- 
tinct transverse  ridge.  IBB  unknown,  and  characters  taken  from 
isolated  basal  and  radial  plates,  found  at  Button-mould  £[nob.  The 
general  aspect  is  more  that  of  Barycrinus;  but  the  very  distinct 
transverse  ridge  and  relatively  thin  plates  seem  rather  to  indicate 
this  genus.    Not  known  at  Burlington  or  elsewhere. 

SCAPHIOCRINUS  Hall. 

There  is  a  fine  new  species  of  this  genus  represented  by  several 
calices  from  Whites  Creek,  and  a  nearly  complete  specimen  with 
arms  from  some  locaUty  in  Lincoln  County,  Kentucky,  not  far  from 
Junction  City.  The  horizon  of  either  might  be  Knobstone  or  Keo- 
kuk, and  at  neither  is  it  positively  known.  There  is  an  undescribed 
species  somewhat  similar  to  it  in  the  Upper  Burlington,  and  another 
in  the  true  Keokuk  at  Indian  Creek,  Indiana. 

There  are  also  some  loose  smooth  plates  from  Button-mould  Knob 
and  Stone's  farm  which  can  not  be  distinguished  from  similar  plates 
from  Toumai,  Belgium. 

ZEACRINUS  Hall. 

Z.  nodo8U8  Wachsmuth  and  Springer.'  This  singular  crinoid, 
having  the  base  of  true  ZeacrimLs  and  the  arms  of  Scaphiocrinus^  was 
found  by  Wachsmuth  at  Whites  Creek  in  a  ravine  washed  out  of 

1  Joum.  Bost.  Soo.  Nat.  Hist.,  vol.  7, 1860,  p.  206.    *  Rev.  FaL,  vol.  3,  p.  248,  pi.  6,  fig.  9;  pi.  9,  fl«.  3. 


Digitized  by 


Google 


2f04  pnocEEDtm^  op  the  katwkal  mu&bvm,         vol,  a. 

clays  below  the  level  of  any  of  the  fossil-bearing  beds.  It  has  always 
been  credited  to  the  Keokuk,  and  this  may  be  correct.  It  is  similar 
to  Z.  campdctUis  Worthen,  from  Cumberland  County,  Kentucky,  the 
only  known  specimen  of  which  is  labeled  Keokuk.  The  form  of 
base  in  these  two  species  is  unknown  in  the  Burlington  rocks. 

STEMMATOCRINUS  Trautschold. 

S.  trautscholdi  Wachsmuth  and  Springer.^  This  remarkable  species 
was  described  by  us  from  a  large  series  of  specimens  collected  by 
Wachsmuth  at  Whites  Creek.  They  were  nearly  all  found  in  one 
locality,  a  plowed  field  in  a  valley  filled  with  soil  washed  from  the 
hills,  some  distance  from  the  Keokuk  exposures.  Doctor  Bassler 
and  Mr.  Braun  also  found  several  specimens,  but  none  of  them  in 
place;  all  were  in  position  where  it  was  possible  for  the  loose  fossils 
to  have  been  derived  from  either  horizon.  The  genus  was  first 
observed  in  the  Bergkalk  of  Moscow,  Russia,  whose  crinoidal  fauna 
closely  parallels  that  of  our  Kaskaskia;  and  the  only  occurrence  of 
it  in  this  country  is  that  of  the  present  species,  which  has  been  sup- 
posed to  be  from  the  Keokuk.  It  has  not  been  found  in  Barren 
County,  or  other  Keokuk  localities  in  Kentucky,  or  elsewhere;  only 
at  Whites  Creek  until  now.  I  find  loose  plates  of  it  in  the  debris  of 
the  Knobstone  shales  at  Button-mould  Knob,  not  associated  with  Keo- 
kuk fossils,  and  I  think  this  establishes  a  presumption  that  its  true 
horizon  is  Knobstone  rather  than  Keokuk.  But  I  state  this  impres- 
sion subject  to  change  upon  further  evidence. 

BLASTOIDEA. 

The  genera^  and  species  of  this  order  are  usually  excellent  indices 
of  stratigraphy,  being  restricted  mostly  to  very  definite  limits. 
Although  not  abundant  in  these  rocks,  we  are  fortunate  in  finding 
a  few  which  are  of  decisive  weight. 

OROPHOCRINUS  von  Seebach. 

This  genus  was  short  lived,  and  confined,  so  far  as  known,  to  the 
Kinderhook  and  Lower  Burlingion  and  their  equivalents.  In  the 
very  rich  blastoid  fauna  of  the  Upper  Burlington  it  does  not  occur, 
unless  in  the  doubtful  species,  Pentremites  sirius  White,  and  in  the 
Keokuk  not  a  trace  of  it  has  ever  been  seen  at  any  locality.  It  is 
therefore  extremely  significant  that  we  find  at  Button-mould  Ejiob 
the  detached  forked-plates  of  a  large  species  of  Orophocrinus  of  the 
same  type  as  the  well-known  0.  gteUiformU  of  the  Lower  Burlington. 

I  Rev.  Pal.,  vol.  3,  p.  266. 
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SCHIZOBLASTUS   Etheridge  and  Carpenter. 

This  genus  is  closely  related  to  the  one  conuuonly  known  as  Oran- 
(UocrinuSy  a  name  which  under  the  laws  of  priority  now  gives  way  to 
Orbitremites,  from  which  it  was  separated  by  Etheridge  and  Carpen- 
ter. The  two  constitute  essentially  a  Choteau-Burlington  group, 
only  one  small  species  being  from  the  Keokuk;  two  species  referred 
to  it  by  some  authors  from  the  St.  Louis  and  Kaskaskia  respectively 
probably  belong  elsewhere.  Seven  species  are  recognized  from  the 
Moimtain  Limestone  of  England,  L*eland,  and  Belgium;  and  in  this 
country  two  have  been  described  from  the  Choteau,  five  from  the 
Lower  Burlington,  six  from  the  Upper  Burlington,  and  one,  the 
smallest  of  the  genus,  from  the  Keokuk.  Besides  these  is  the  well- 
known  and  magnificent  Oranatocrinu8  granulosus  of  Roemer,  by  far 
the  largest  of  either  of  these  genera,  which,  on  account  of  having  ten 
spiracles  instead  of  five,  must  be  referred  to  Schisoblastus.  Its  hori- 
zon has  been  involved  in  a  curious  lot  of  guesswork.  Roemer,  in 
describing  it^  gave  as  its  localities,  on  the  authority  of  Troost  and 
Shumard,  Shelbyville,  Bedford  County,  Tennessee,  and  Allen  County, 
Kentucky;  and  the  horizon  simply  as  Kohlenkalk.  It  is  referred  to 
the  St.  Louis  by  Etheridge  and  Carpenter,-  by  S.  A.  Miller,*  and  by 
Weller*^  Shumard  in  his  Catalogue^  referred  it  to  the  Kaskaskia; 
while  Troost,  who  described  it  in  his  Monograph,  unpubli^ed  until 
lately,  said  it  was  from  the  Devonian*^  With  all  this  lucid  informa- 
tion in  the  literature  to  choose  from,  the  collectors  have  taken  another 
guess  at  it.  I  have  specimens  of  this  species  obtained  in  various 
collections,  from  Bradfordsville,  SaUietown,  and  other  locahties  in 
Marion  County,  Kentucky,  Whites  Creek  and  Maury  County,  Ten- 
nessee; and  they  are  without  exception  labeled  Keokuk.  Now  it  is 
significant  that  every  one  of  these  localities,  as  well  as  those  given 
by  Troost,  Roemer,  and  Shumard,  is  in  a  region  where  the  shales 
pass  up  from  the  Devonian  to  the  Lower  Carboniferous  Limestone, 
and  where  the  lower  member  of  Safford's '  'Siliceous  Group" — i.  e.,  the 
EJiobstone — ^is  exposed;  and  also  that  no  specimen  of  this  species  has 
ever  been  reported  from  any  typical  Keokuk  locaUty.  To  all  this  I 
am  now  able  to  contribute  one  decisive  fact — namely,  good  specimens 
direct  from  the  Ejiobstone  shales  at  Stone's  farm,  Clark  Coimty, 
Indiana,  in  layers  40  or  50  feet  above  the  Black  Slate,  and  where 
there  is  no  Keokuk  mingled  in  the  debris.  Troost's  reference  to  the 
Devonian  imdoubtedly  meant  these  same  shales,  and  the  conclusion 

1  MoDogr.  Blastoldea,  p.  43.  <  BuU.  163,  U.  S.  Oeol.  Sarv.,  p.  2B9. 

«  Cat  Blastoldes,  p.  244.  •  Trans.  St.  Loois  Acad.  Bel.  vol.  2,  p.  375. 

»North  Amer.  Oeol.  and  Pal.,  p.  250.  •  Bull.  64,  U.  S.  Nat  Mus.,  p.  21. 
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is  inevitable  that  at  all  the  localities  the  species  comes  from  the 
shales  now  known  as  Knobstone.  This  adds  another  strong  conJBr- 
mation  to  the  correlation  of  these  beds  with  the  Lower  Burlington; 
for  the  stratigraphic  succession  of  the  blastoids  is  quite  peculiar. 
Certain  groups  of  genera,  to  which  the  present  one  belongs,  coming 
up  from  Nucleocrirms  and  Oodaster  of  the  Devonian,  became  promi- 
nent, culminated,  and  were  practically  extinguished  in  the  Burling- 
ton. Another  line,  beginning  with  Troosiicrinus  in  the  Silurian,  con- 
tinued along  moderately  until  the  St.  Louis  and  Kaskaskia,  when  it 
culminated  in  a  development  of  the  genus  Pentremites  in  extraor- 
dinary profusion.  In  the  Keokuk,  between  these  two  culminations, 
the  blastoids  were  relatively  rare.  In  the  most  prolific  locaUties  for 
crinoids,  such  as  Crawfordsville,  Indian  Creek,  and  in  Washington 
and  Lawrence  counties,  Indiana,  and  in  Barren  and  Metcalfe  coun- 
ties, Kentucky,  specimens  are  scarcely  ever  found.  The  abundant 
occurrences  of  Pentremites  conoideus  at  Spergen  Hill,  Indiana,  and 
Boonville,  Missouri,  are  from  higher  beds  above  the  Keokuk — ^namely, 
the  Warsaw.  In  the  true  Keokuk  of  the  Mississippi  River  and  Ken- 
tucky region  a  few  straggling  specimens  of  MetaJ)l(i8tu8,  and  the  dimin- 
utive Orandtocrimis  already  mentioned,  are  all  that  are  ever  found. 
It  would  seem,  therefore,  a  needless  stretch  of  the  imagination  to 
assign  such  a  species  as  this  to  a  horizon  in  which  its  group  is  prac- 
tically extinct,  instead  of  to  one  where  upon  every  consideration  of 
faunal  succession  and  association  it  properly  belongs. 

8.  decuasaius  (Shumard).^  This  species,  described  from  Button- 
mould  Knob  under  PentremiteSf  is  thought  to  belong  to  the  above 
genus.  All  the  specimens  are  imperfect,  and  its  exact  generic  char- 
acters obscure,  but  it  belongs  to  this  group,  and  not  to  Pentremites  as 
now  restricted.  I  have  some  other  specimens  from  the  type  locaUty 
and  also  from  the  Knobstone  shales  at  Bradfordsville,  Marion 
County,  Kentucky.  It  occurs  also  at  Fern  Glen,  Missouri,  in  shales 
directly  underlying  the  typical  Burlington  Limestone,  and  is  figured 
as  a  part  of  that  fauna  by  Weller.' 

To  show  the  full  force  of  the  foregoing  facts,  I  have  arranged  in 
tabular  form  the  genera,  and  a  few  decisive  species  which  are  found 
at  the  E[nob  locaHties  and  Whites  Creek,  along  with  their  known 
stratigraphical  limits  elsewhere. 

>  PentremiUt  decuBnUtUf  Turns.  St.  Louis  Acad.  Sd.,  vol.  1  p.  242. 
t  Bull.  Oeol.  Soo.  Amer.,  vol.  20,  p.  288,  pi.  11,  fl«B.  28, 29. 
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Table  ofgmera,  and  a  few  speeUs  occurring  at  the  Knobstone  localities  and  Whites  Creek, 


'^1 

is- 

1^ 


Whites 
Creak. 


GUbertioerimu  tentiiradiatut 

Eretmocrinua  rarmUosus 

ErdVMcrinut  pnegravit 

EretmoerifMa  yanidli 

Danierinu9  gmddi 

LctncrinuMWukviaae 

Agarieocrinui  amerieawu 

Aoarieocriniu  nodulasua 

A  MoproMfloeHntw 

Megmocrintu 

A  mpAoraerintw 

ActmocHnus 

Caetoerintu 

PltttycrintUf  dlsoold 

Platverinu8y  other 

WaeksmtUhkrinw 

MetpOocrinw 

MedchthvocHntu 

Forbetlocrinut  (nobilit  type) ... 
Forberiocrinut  {wortheni  type). 
Tttsoainui 


Halvtioerinua... 

CmOoainw 

Cifttthocrinw 

Baryerinut 

Poteriocrintu — 
SeapMoerinut,.. 
StemmatocHnui. 


8i 


X 


Not  found  elsewhere. 
X 
X 
X 
X 
X 


St.L. 


Recapitulating  these  data,  we  have: 


Knobs. 


Whites  Creek. 


Mixed. 


Keo- 
kuk in 

slta. 


Oenera  or  particalar  species  occonlng— 

Not  later  than  Lower  Burlington 8 

Not  later  than  Upper  Burlington i  2 

Klnderhook  or  Lower  Burlington  to  Keokuk 10 

Not  earlier  than  Upper  Burlington  or  Keokuk 1 

Others  not  deflnltelv  comparable 2 

In  Mountain  Limestone  of  Britain  and  Belgium 14 


These  figures  tell  their  own  story  better  than  pages  of  argument, 
which  is  that  the  main  fossiliferous  beds  of  the  £[nobs,  and  the  lower 
limestone  above  the  Black  Slate  at  Whites  Creek,  must  be  placed 
stratigraphically  as  equivalent  in  part  or  closely  related  to  the 
Lower  Burlington.  That  some  important  Lower  BurUngton  species 
are  not  found  here,  or  that  there  may  be  a  slight  intermingling  of 
Upper  Burlington  forms,  does  not  interfere.  I  think  there  can  be  no 
doubt  that  the  typical  region^  of  the,  crifloidlJ  formation,  namely, 
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western  lUinoia,  eastern  Iowa,  and  Missouri,  with  its  long  and  quiet 
deposition  of  strata,  was  the  chief  habitat  and  center  of  distribution 
of  the  crinoids  during  that  epoch;  and  that  the  occurrences  in 
Indiana,  Kentucky,  and  Tennessee  represent  migrations  involving 
only  part  of  the  species,  repeatedly  interrupted  and  renewed,  as  evi- 
denced by  the  frequent  bands  of  crinoidal  limestone  with  muddy 
clays  and  shales  between.  What  name  should  be  attached  to  these 
beds  would  probably  be  a  matter  of  contention  between  the  geolo- 
gists of  the  different  States.  I  am  not  so  much  concerned  about 
that,  so  long  as  the  facts  are  understood,  and  willingly  leave  it  to 
those  in  authority  to  settle.  But  I  think  I  may  say  with  confidence 
that  the  name  will  not  be  Keokuk. 
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THE  WAVERLYAN  PERIOD  OF  TENNESSEE. 


By  Rat  S.  Bassleb, 
CwrfOofr  of  Invertebrate  Paleontology,  U.  8.  National  Mueeum. 


INTRODUCTION. 

Of  late  years  much  valuable  information  has  been  published  con- 
cerning the  lower  part  of  the  Subcarboniferous  or  Mississippian  strata 
of  the  United  States,  so  that  to-day  we  know  their  history  in  con- 
siderable detail.  Weller's  various  faunal  and  stratigraphic  studies, 
relating  chiefly  to  the  Kinderhook  of  Illinois,  Iowa,  and  Missouri, 
have  furnished  a  foimdation  for  the  comparison  of  these  strata  in 
other  states.  In  Ohio,  Indiana,  and  Kentucky  the  stratigraphic 
succession  is  now  fairly  well  known,  but  the  correlations  are  in  some 
instances  doubtful,  and  the  faunas  particularly  require  much  more 
study.  In  Tennessee  a  considerable  thickness  of  early  Mississippian 
rocks  is  present,  but  here  Httle  has  been  published  on  their  stratigraphy 
and  less  on  their  faunas.  The  object  of  the  present  article  is  mainly 
to  present  a  short  account  of  these  strata  in  Teoonessee  to  supplement 
the  paper  by  Mr.  Frank  Springer  on  "The  Crinoid  Fauna  of  the  Knob- 
stone  Formation,'*  published  elsewhere  iu  this  volume.  Mr.  Springer 
has  briefly  summed  up  the  results  of  SaflFord's  work  upon  these  rocks, 
but  a  more  complete  account  is  given  below. 

THE  SILICEOUS  GROUP  OF  TENNESSEE. 

The  Subcarboniferous  rocks  of  Tennessee  were  divided  by  Safford 
into  a  lower  Siliceous  group  and  an  upper  Mountain,  limestone.  The 
latter  formation  is  not  discussed  in  this  paper;  indeed,  the  scope  of 
the  present  article  is  limited  to  the  lower  part  of  the' Siliceous  group. 

Although  the  term  ''siliceous  stratum"  originated  "with  Doctor 
Troost  and  was  employed  by  him  in  his  reports,  the  first  description  of 
these  strata  is  by  Safford  in  an  article  on  '  'The  Silurian  Basin  of  Mid- 
dle Tennessee,  with  Notices  of  the  Strata  siurounding  it,''  *  where  he 
divides  the  Paleozoic  rocks  of  middle  Tennessee  underlying  the  Pen- 
tremital  limestone  into  five  sections.     The  fifth  section,  included 

1  Amer.  Joum.  Sd.,  ser.  2,  vol.  12, 1851,  pp.  362-301. 
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between  the  Black  slate  and  Pentremital  limestone,  was  called  the 
Sihceous  group.  This  group  was  subdivided  in  ascending  order  into 
the  Siliceous  beds  and  the  Cherty  limestone.  The  lower  member, 
the  true  Siliceous  beds,  about  200  feet  thick  in  the  northern  part  of 
the  state,  consists  of  a  fine-grained,  siliceous,  light  blue,  rather 
unfossiliferous  limestone,  which,  upon  weathering,  leaves  a  light 
yellow  to  brown  soil  strewn  with  chert  fragments.  The  cherty  lime- 
stone proper  differed  ''in  being  a  true  limestone  affording  a  brick- 
red  soil,  in  the  character  of  its  interbedded  [flint]  masses  and  in  being 
much  more  fossiliferous."  A  species  of  LUJiostrotion  (Lonsdalia 
canadensis)  was  registered  as  one  of  the  fossils. 

In  1856  ^  Safford  described  the  same  strata  under  the  same  name, 
giving  little  additional  information  regarding  the  rocks. 

In  his  well-known  classic  work,  ''Geology  of  Tennessee,"  1869, 
Safford  gives  an  excellent  description  of  the  Sihceous  group,  dividing 
it  into  the  "Lower,  or  Protean  bed,"  and  the  "Lithostrotion  Coral 
bed."  The  Lithostrotion  bed  is  characterized  everywhere  by  L. 
canadensCf  and  Safford  correlates  it  with  the  St.  Louis  limestone. 
The  lower  or  Protean  member  is  said  to  be  "in  general  equivalent  to 
the  divisions  of  the  Lower  Carboniferous  limestone  lying  below  the 
St.  Louis  limestone.  It  is,  perhaps,  more  especially  the  equivalent  of 
the  Keokuk  limestone;  it  contains,  however,  some  Burlington  forms." 
As  Mr.  Springer  has  indicated,  the  fact  that  most  of  the  Lower  Sili- 
ceous fossils  listed  by  Safford  are  Keokuk  species  outside  of  Tennessee, 
has  led  to  the  correlation  of  these  beds  almost  invariably  with  the 
Keokuk.  This  opinion  is  indicated  in  the  "Table  of  Oeological 
Equivalents"  (by  A.  Winchell),  on  page  364  of  the  "Geology  of  Ten- 
nessee," where  the  Lowot  Sihceous  is  correlated  with  the  Keokuk 
Umestone  of  Iowa  and  Missouri,  and  with  the  Keokuk  and  Knob- 
stone  of  Kentucky,  while  the  Burlington  and  underlying  Subcarbon- 
if erous  strata  are  indicated  as  wanting  in  Tennessee. 

Safford  and  Eollibrew  use  the  term  Barren  group  instead  of  Protean 
bed  for  these  strata  in  1874  in  their ' '  Resources  of  Tennessee."  Later, 
in  their  textbook  "The  Elements  of  the  Geology  of  Tennessee,"  pub- 
lished in  1900,  they  abandon  both  the  names  Sihceous  group  and 
Barren  group,  substituting  for  these,  respectively,  St.  Louis  lime- 
stone and  Tullahoma  limestone,  and  introducing  the  new  term  Maury 
green  shale  for  the  basal  member  of  the  series  in  Mauiy  County. 

The  next  work  upon  the  subject,  so  far  as  it  relates  to  Tennessee, 
ia  by  Hayes  and  Ulrich,*  who  adopt  the  names  Tullahoma  formation 
and  St.  Louis  limestone,  but  include  and  map  the  Mauiy  green  shale 
with  the  Chattanooga  black  shale.  In  the  Tullahoma  formation  they 
describe  a  lower  calcareous  shale  member  and  state  that  it  is  fre- 

1  Oeologioal  Resources  in  the  State  of  Tennessee,  First  Report,  p.  169. 
I  Colombia  Folio,  Tennessee.    U.  S.  Geol.  Surv.,  FoUo  No.  96, 1903. 
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quentlj  absent.  This  shale  contams  undescribed  ostracods  indicative 
of  early  Mississippian  age.  Above  this  comes  the  usual  siliceous  lime- 
stone with  few  fossils.  In  their  correlation  table  the  TuUahoma  is 
made  the  equivalent  of  the  Einderhook,  BurUngton,  and  Keokuk  of 
the  generalized  time  scale. 

The  most  recent  discussion  of  these  strata  is  contained  in  the  paper 
entitled  ''Types  of  Sedimentary  Overlap,"  by  Dr.  A.  W.  Grabau.* 
The  portion  of  this  paper  devoted  to  the  Tennessee  Subcarboniferous 
is  apparently  based  upon  the  literature  alone,  for  this  author  writes: 

The  F<xt  Payne  chert  is  very  foflriliferous,  and  is  the  ''Biliceous  group"  of  Safford, 
which  he  divided  into  a  lower,  or  Protean  (Lauderdale,  McGalley),  and  upper,  or 
Lithoetrotion  (Tuscumbia,  McOalley).  Ulrich  makes  the  TuUahoma  of  central  Ten- 
nessee and  the  Fort  Payne  of  eastern  Tennessee  equivalent,  and  correlates  both  with 
the  Einderhook  and  Osage  of  the  Mississippi  Valley.  There  is  here  an  inconsbtency, 
for  the  upper  part  of  the  Fort  Payne  (Tuscumbia)  is  clearly  of  lower  Saint  Louis  age, 
as  shown  by  the  abundance  of  Lithottrotion  oonadeMe  {^L.  mamiXUxre). 

Taking  up  these  statements  in  order,  it  may  be  said  that,  aside  from 
dismembered  crinoid  columns,  recognizable  fossils  in  the  Fort  Payne 
are  exceedingly  rare.  The  Fort  Payne  is  not  the  equivalent  of  the 
Siliceous  group  of  Safford,  because  it  does  not  contain  the  St.  Louis 
limestone  at  its  top.  There  is  not  an  abimdance  of  LiOiostrotian 
canadense  in  the  upper  part  of  the  Fort  Payne.  This  characteristic 
St.  Louis  fossil  is  foimd  only  in  the  lower  beds  of  the  overlying  Bangor 
limestone.  Taking  for  example  the  McMinnville  folio  from  which 
Orabau  takes  some  of  his  statements,  one  acquainted  with  the  area 
can  easily  make  out  the  geological  equivalents.  Here  the  Fort  Payne 
chert  is  described  as  a  cherty  limestone  and  heavy  beds  of  chert,  giving 
rise  to  a  white,  siliceous,  soil,  and  forming  the  barrens  of  the  High- 
land rim.  The  overlying  Bangor  limestone  has  at  its  base  a  blue 
limestone  member  with  nodular  chert,  weathering  into  a  red,  slightly 
cherty  soil.  It  is  in  this  latter  red  soil  only  that  the  characteristic 
St.  Louis  fossils  are  foimd. 

The  Lauderdale  and  Tuscumbia  formations  do  not  fall  within  the 
scope  of  the  present  paper,  and  need  not  be  mentioned  further,  except 
to  state  that,  as  the  names  are  of  later  date  than  the  formations  here 
discussed,  they  will  in  all  probability  be  found  to  be  superfluous. 

The  above  notes  include  all  of  the  more  important  references  to 
the  Lower  or  Protean  member  of  the  Siliceous  group  in  Tennessee. 
Li  the  discussion  of  the  geology  of  neighboring  states  the  terms 
Siliceous,  TuUahoma,  and  other  names  have  been  frequently  em- 
ployed, but  they  need  not  be  referred  to  at  present,  with  one  exception. 
This  is  the  Fort  Payne  chert,  a  term  proposed  by  Hayes  *  for  practi- 
cally the  same  strata  in  the  southern  Appalachian  Valley.    It  is 

1  Bull.  Oeol.  Soo.  America,  vol.  17, 1M6,  pp.  W7-<B^ 
s  Iten,  ToL  2, 1»0,  p.  143. 
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employed  by  the  same  author  also  in  the  MeMumyille  folio  coyering  a 
part  of  the  eastern  rim  of  the  Central  Basin. 

The  Fort  Payne  chert  seems  to  agree  exactly  with  the  Tullahoma  of 
Safford  and  KilUbrew,  as  founded  on  exposures  of  the  formation  in  the 
eastern  rim  of  the  Central  Basin.  Howeyw,  they  used  the  name 
Tullahoma  also  for  all  the  beds  between  the  Maury  green  shale  and  the 
St.  Louis  limestone  along  the  western  edge  of  the  basin,  thus  including 
the  Kinderhook  shale,  which  is  there  locally  developed  beneath  the 
cherty  beds.  Hay^  and  ULrich  adopted  the  term  in  the  latter  sense  in 
the  Columbia  foho.  From  the  foregoing  it  will  be  noted  that  there  is 
no  Tennessee  term  which  inchides  all  of  the  Subcarboniferous  rocks, 
including  the  Chattanooga  shale,  forming  the  subject  of  the  present 
paper,  namely,  those  underlying  the  Lithostrotion  or  St.  Louis 
limestone.  Safford's  subdivision ' 'Protean  member  "  comes  nearer  to 
covering  this  interval  than  any  other,  but  this  term  has  no  geo- 
graphical significance.  As  the  St.  Louis  limestone  of  Tennessee 
occasionally  contains  a  Warsaw  faima  in  its  basal  layers,  the  under- 
lying Subcarboniferous  rocks  will  fall  into  the  Mississippian  Period, 
as  recently  emended  by  Schuchert.*  Newberry's  Waverly  group 
covers  the  same  interval,  and  I  have  used  this  term  in  the  title  of  my 
paper,  first,  because  it  has  priority^  and,  second,  because  it  requires 
no  revision  of  boundaries  as  is  necessitated  by  Schuchert's  proposed 
restriction  of  the  term  Mississippian. 

It  is  true  that  Newberry  was  not  the  author  of  the  term  Waverly, 
but  I  think  it  will  be  conceded  that  his  writings  form  the  most  valu- 
able contributions  to  the  Uterature  of  the  subject.  By  reference  to 
Weeks's  ''North  American  Geologic  Formation  Names,"  ^  it  will 
be  noted  that  the  term  Waverly  was  first  applied  by  Mather,  in  1838, 
to  the  Subcarboniferous  sandstone  series  in  Ohio.  Then  Owen  used 
the  term  on  two  occasions  in  the  early  Indiana  reports,  regarding  the 
Knobstone  group  of  that  state  as  a  synonym.  The  first  definite 
limits  to  the  group  were  those  given  by  the  next  writer  upon  the 
subject,  Newberry,  who,  in  his  "Report  of  Progress  of  the  Ohio  Geo- 
logical Survey  for  1869,"  included  the  Cuyahoga  shale,  Berea  grit, 
Bedford  shale,  and  Cleveland  shale  as  members  of  the  Waverly  group. 
In  all  of  Newberry's  subsequent  works,  and,  indeed,  that  of  most  sub- 
sequent writers  upon  the  subject,  these  same  divisions  are  recognized 
in  the  Waverly  group,  although  at  times  the  separate  divisions  have 
been  designated  as  Waverly  sandstone,  Waverly  shale,  or  Waverly 
black  slate.  Excluding  the  Chattanooga  shale,  the  term  Waverlyan 
is  employed  as  a  series  term  by  Ulrich '  to  include  deposits  of  Kin- 
derhook, Burlington,  and  Keokuk  age. 

1  Patoogeognphy  of  North  America,  Boll.  Geol.  Boo.  Amer.,  vol.  20, 1910,  p.  647. 

s  BuU.  191,  U.  S.  Geol.  Surv.,  1902,  p.  414. 

B  FlQf.  Paper,  U.  B.  Geol.  Stirv.,  No.  86, 1906,  p.  24, 
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In  the  following  pages  I  have  mcluded  the  Chattanooga  shale,  with 
its  initial  deposit,  the  Haidin  sandstone,  as  a  part  of  the  Waverlyan. 
As  mentioned  before,  Newbeiry,  in  all  of  his  works  on  the  Waverly, 
considered  the  Cleveland  shale  as  its  lowest  member.  In  his  Ohio 
report,  published  in  1874,  he  mentioned  fish  remains  and  laige  nimi- 
bers  of  conodonts  as  its  most  abundant  fossils,  these  being  described 
later  in  volume  2  of  the  * 'Paleontology  of  Ohio."  A  thin,  impure 
limestone  containing  Syringothyris  typa,  Macrodon  Tuj/mnlUmae,  and 
other  Waverly  fossils,  inaugurated  the  Cleveland  shale  and  separated 
it  from  the  undeiiying  'Erie  (now  Chagrin)  shale  holding  Spirifer  dis- 
fundus  and  other  Chemimg  fossils.  Accepting  Newberry's  classifica- 
tion of  the  Clevdand  shale  as  the  basal  membw  of  the  Waverly,  the 
present  stratigraphic  divisions  of  this  series  in  Ohio  are  as  follows: 

Divinons  of  Waverlyan  in  Ohio, 

7.  Logan  formation,  mainly  sandstone. 

6.  Black-Hand  formation,  sandstones,  often  coarse  and  conglom- 
eratic. 

5.  Cuyahoga  formation,  clay  shales  and  sandstones. 

4.  Sunbuiy  formation,  fissile  black  shale. 

3.  Berea  sandstone. 

2.  Bedford  shale,  locally  with  sandstone. 

1.  Clevelaadd  black  shale. 

Foerste,  in  his  article  on  The  Bedford  Fauna  at  Indian  Fields  and 
Irvine,  Kentucky,^  correlates  the  Logan  formation  with  tibe  Keokuk 
by  two  errors,  which,  curiously  enough,  nullify  each  other  and  leave 
the  correlation  probably  correct.    His  statement  is  as  follows: 

In  1888  Mr.  E.  O.  TJlrich,  in  the  fourth  volume  of  the  Bulletin  of  Denison  Uni- 
venity,  identified  from  the  Upper  Waverly  of  Ohio  sixteen  species  of  bryozoans  which 
occur  also  in  the  Keokuk  of  Kentucky,  Illinois,  and  Iowa.  Of  these,  eight  aie  found 
at  Kings  Mountain,  Kentucky,  in  strata  identified  by  Uhrich  as  Keokuk,  and  two 
other  species  are  closely  related  to  forms  found  at  that  locality.  From  this  it  is  evi- 
dent that  the  upper  Waverly,  now  known  as  the  Logan  formation,  is  closely  related 
to  the  strata  exposed  at  Kings  Mountain,  and  that  both  are  approximately  equiva- 
lent to  the  Keokuk  of  the  Mississippi  Valley. 

However,  the  bryozoans  described  by  Ulrich  were  derived  from 
the  upper  part  of  the  Cuyahoga  formation  and  not  from  the  Logan. 
Again,  the  Kings  Mountain  strata  are  not  of  Keokuk  age  but  belong 
to  the  typical  Knobstone  shale. 

In  an  article  entitled  "The  Waverly  Formations  of  East-Central 
Kentucky,"  '  Morse  and  Foerste  show  that  the  Bedford  and  Berea 
formations  thin  rapidly  southwestward  from  the  Ohio  River,  in  fact, 

I  The  Oblo  NatnnUst,  toI.  9,  No.  7,  May,  IMa  *  JoanBi  of  Geology,  toI.  17,  No.  2, 1909. 
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become  so  thin  that  the  Sunbury,  Bedford,  and  the  underlying  black 
shales  seem  to  become  a  unit.  In  Kentucky  then,  quoting  these 
authors,  ''The  Ohio  black  shale  of  the  Kentucky  reports  or  the 
Chattanooga  shale  of  U.  S.  reports,  south  of  PetersyiUe,  is  not  of 
Devonian  age  alone  but  of  Devonian  and  Carboniferous;  that  is,  is 
composed  of  both  the  Ohio  and  Sunbuty  shales,  and  a  thin  zone 
representing  the  Bedford  and  Berea." 

In  the  Richmond  and  other  folios  of  east  central  Kentucky,  the 
U.  S.  Geological  Survey  maps  the  clay  shales  and  sandstones  between 
the  Newman  limestone,  as  identified  in  this  area  (St.  Louis  and 
Chester),  above,  and  the  Chattanooga  shale  below,  as  the  Waverly 
formation,  giving  the  Waverly  the  same  limits  as  in  Ohio,  save  that 
the  lower  black  shale  divisions  (Cleveland,  Bedford,  and  Sunbury) 
with  possibly  a  black  shale  of  Devonian  age,  are  mapped  as  a  unit 
under  the  name  of  Chattanooga  shale. 

In  central  Tennessee  the  Chattanooga  black  shale  with  the  under- 
lying Hardin  sandstone  undoubtedly  represents  the  deposits  of  the 
first  submergence  following  the  Devonian  emergence.  Whenever 
present  the  Hardin  sandstone  almost  invariably  contains  worn, 
silicified  fossils  of  Ordovician,  Silurian,  and  Devonian  age,  and  in 
addition  shows  specimens  of  many  of  the  fish  teeth  and  conodonts 
described  from  typical  Cleveland  shale  in  volume  2  of  the  ''Paleon- 
tology of  Ohio."  This  same  fauna  occurs  in  the  typical  Chatta- 
nooga shale  at  many  Tennessee  localities.  At  Mount  Pleasant,  Ten- 
nessee, specimens  of  the  conodonts  especially  are  so  numerous  that 
some  of  the  layers  at  the  base  of  the  black  shale  here  are  composed 
almost  entirely  of  these  fossils  alone.  At  Bakers,  Tennessee,  as 
indicated  in  the  Bakers-Ridgetop  section  presented  on  a  later  page, 
these  same  conodonts  and  fish  teeth  are  present  in  both  the  basal 
part  of  the  typical  black  shale  and  in  the  Hardin  sandstone  member 
of  the  Chattanooga.  The  most  southern  locality  where  this  fauna 
has  been  found  is  near  Huntsville,  Alabama,  where  the  basal  layers 
of  the  Chattanooga  are  crowded  with  the  same  conodonts.  Although 
the  division  line  between  the  Devonian  and  Carboniferous  in  Ohio  is 
still  in  doubt,  as  indicated  in  Professor  Prosser^s  paper  "Revised 
Nomenclature  of  the  Ohio  Geological  Formations,"  ^  it  seems  to  me 
that  there  is  sufficient  evidence  published  to  justify  the  regarding  of 
the  Chattanooga  shale  of  central  Tennessee  as  basal  Waverlyan. 
That  this  black  shale  in  central  Tennessee  is  correctly  correlated 
with  the  Chattanooga  shale  of  the  Appalachian  Valley  is  another 
question,  but  I  think  such  a  correlation  can  be  proven. 

With  the  exception  of  the  Rockwood  formation  of  Silurian  age, 
the  stratigraphic  relations  at  Chattanooga,  Tennessee,  the  type 
locality  of  this  shale,  are  precisely  the  same  as  along  the  eastern  rim 

i  Oeol.  Surv.  Ohio,  BolL  No.  7, 1006,  pp.  2, 17-21. 
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of  the  Central  Basin.  East  and  northeast  of  this  Chattanooga  band 
of  outcrop,  a  similar  black  shale,  but  of  undoubted  Devonian  age, 
has  been  mapped  as  the  Chattanooga  shale.  This  shale  in  central 
Tennessee  will,  therefore,  according  to  the  present  classification,  be 
placed  as  the  first  formation  of  the  Waverlyan.  The  remaining 
Waverlyan  formations  of  Tennessee  form  more  especially  the  subject- 
matter  of  the  present  article. 

WAVERLYAN  SECTIONS  IN  TENNESSEE. 

The  usual  section  of  Waverlyan  rocks  in  Tennessee  is  quite  simple. 
Along  the  eastern  side  of  the  Nashville  dome  the  section  given  in  the 
McMinnville  folio  of  the  U.  S.  Geological  Survey  is  quite  typical.  In 
fact,  in  a  study  of  hundreds  of  exposures  I  have  seen  little  deviation 
from  it.  This  section,  with  the  formations  listed  according  to  present- 
day  nomenclature,  is  as  follows: 

Geologic  section  of  Waverlyan^  Me MinnvUle  folio. 

Feet. 

Bangor  limeetone  (of  St.  Louis  and  Cheeter  age) 

Waverlyan: 

Fort  Payne  chert- 
Siliceous  limestone  with  heavy  beds  of  chert  at  the  base 150-225 

Maury  green  shale — 

Light  blue  to  green  shale  holding  glauconite  locaUy  and  usually 

containing  a  layer  of  phosphatic  concretions 0-2 

Chattanooga  black  shale — 

Garbonaceous  fissile  shale 10-30 

Ordovician  limestone  (usually  of  Trenton  age) 

At  a  locality  near  Woodbury  in  Cannon  County,  just  a  few  miles 
west  of  the  McMinnville  quadrangle,  Safford  has  recorded  the  typical 
Keokuk  fossil  Agaricocrmus  americarms}  I  have  examined  this  and 
many  other  similar  sections  in  the  Woodbury  quadrangle  and  find 
that  the  stratigraphic  succession  is  identical  with  the  McMinnville 
.  section  given  above.  The  crinoids  come  from  the  basal  part  of  the 
Fort  Payne  chert,  and  as  the  lowest  layers  of  the  overlying  Bangor 
limestone  contain  Lonsddlia  CKmadense,  the  whole  of  the  Fort  Payne 
chert  falls  within  the  Keokuk  of  the  general  time  scale.  The  Chatta- 
nooga black  shale  and  the  Maury  green  shale  afforded  no  fossils,  but 
lithologically  they  are  identical  with  the  formations  so  named  in  the 
following  sections.  Tullahoma,  the  type-locality  of  the  Tullahoma 
chert  formation  of  Safford  and  Killibrew,  is  but  a  few  miles  to  the 
south.  Here  essentially  the  same  section  is  presented  and  the  Tulla- 
homa formation  at  its  type-locality  is,  from  all  the  evidence  so  far  as 
known,  likewise  of  K^kuk  age.  The  Fort  Payne  chert  at  its  type- 
locality  in  northern  Alabama  does  not  include  the  St.  Louis  at  its  top 
nor  does  it  contain  the  Kinderhook  shales  at  its  base.  It  is,  there- 
fore, the  same  as  the  Tullahoma,  and  the  latter  term  is  discarded  in 
favor  of  the  former  on  the  ground  of  priority. 

>  Oeolosy  of  TenaeHM,  IMO,  p.  842.  r^  i 
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As  previously  stated,  Safford  and  EoUibrew  and  Hayes  and  Ulrich 
referred  to  the  TuUahoma  certain  underlying  shales  which  are  locally 
developed  along  the  northern  and  western  sides  of  the  dome.  As 
these  shales  represent  a  distinct  group — the  Einderhook — ^the  new 
name  Ridgetop  shale  is  here  proposed.  An  excellent  development 
of  the  Ridgetop  shale  is  seen  in  the  section  about  to  be  described, 
from  which  the  name  is  taken. 

Geologic  section  along  LouiwUU  and  Naahmlk.  Raiiroad,Jr<nn  Bahers  to  Ridgetop,  Tenn, 

Tennesseean: 

St.  LoiiiB  limeBtone —  Feet. 

MaBsive  gray  to  blue  limestone  weathering  into  the  characteristic  angu- 
lar, rather  solid  chert  and  red  soil,  with  an  occasional  specimen  of 

LonadaliacaTUbderue  {top  of  hill) 

Waveriyan: 

Fort  Payne  chert  (Keokuk)— 

Massive  to  thin  bedded,  dark  gray  and  drab,  siliceous,  practically 
unfossiliferous  limestone  weathering  into  a  yellow,  barren  soil 
full  of  small  plates  of  chert.    These  layers  rest  unconformably 

upon  the  underlying  shales 100+ 

Ridgetop  shale  (Einderhook) — 

(i)  Light  blue  to  green  clay  shale  holding  numerous  ostracods  and 

bryozoans 15-20 

(h)  Arenaceous  shales  with  bands  of  porous  chert,  yielding  silicified 

fossils 2 

{g)  Light  blue  to  green  shale  with  same  fossils  as  second  bed  above.        36 
(/)  Unfossiliferous  blue  shales  passing  upward  into  light  blue  and 

green  shales  of  bed  above 4 

(«)  Thin  bedded  argillaceous  limestone  and  compact  dark  shales 

with  numerous  fossils 5 

(d)  Dark,  compact  clay  shale  with  few  fossils 16 

(c)  Fine  grained  argillaceous  sandstone  weathering  red  and  farming 

a  conspicuous  line  in  the  section ^ 1 

(6)  Light  blue  to  green  unfossiliferous  shale 20 

(a)  Sandy,  unfossiliferous  chert 1 

Maury  green  shale — 

Unf  ossilif  erouB  green  shale 1-2 

Qreen  shale  containing  phosphatic  nodules ^1} 

CShattanooga  shale — 

Carbonaceous  black  fissile  shale  containing  numerous  Cleveland 

shale  conodonts  and  fish  teeth  in  the  lower  beds 30 

Hardin  sandstone  member — 

Iron  stained  conglomeritic  sandstone  composed  mainly  of 
chert  and  fragments  of  silicified  fossib  from  older  forma- 
tions, resting  upon  the  eroded  top  of  the  underlying  Louis- 
ville limestone.     Fish  teeth  and  conodonts  of  Cleveland 

shale  age  are  associated  with  the  fosBils  of  greater  age 0-2  in. 

Silurian-Niagaran : 

Louisville  (Bledsoe)  limestone— 

Massive,  dolomitic,  unfosdliferous  limestone 0-17 

Waldron  (Newsom)  shale 

The  town  of  Ridgetop  is  situated  upon  the  lovmr  part  of  the  St. 
Louis  limestone.    Between  the  top  of  the  ridge  and  the  raikoad 
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station  the  full  thickness  of  the  usual  Fort  Payne  is  shown,  while 
along  the  railroad  near  the  station  the  uppermost  beds  of  the  Bidgetop 
shales  are  encountered.  The  latter  are  abundantly  fossiliferons  and 
contain  besides  numerous  biyozoans  and  ostraoods  of  known  Kinder- 
hook  age,  sp>ecimens  of  the  species  long  ago  described  and  listed  by 
Prof.  A.  Winchell  as  of  Marshall  or  Kinderhook  age.^  This  fauna  is 
not  discussed  in  detail  here,  since  it  requires  much  more  study  before 
it  can  be  listed  and  employed  in  exact  correlation  with  Kinderhook 
formations  in  the  Mississippi  Valley. 

The  Maury  green  shale  and  the  Chattanooga  shale,  with  its  Hardin 
sandstone  member,  show  no  unusual  features  in  this  section,  and  need 
no  lengthy  description.  The  Hardin  sandstone  is  simply  the  physical 
representation  of  the  unconformable  relations  of  the  Chattanooga 
shale,  as  evidenced  by  its  conglomeritic  nature.  The  Maury  green 
shale  is  likewise  conglomeritic.  A  similar  phosphatic  green  ahale 
almost  invariably  follows  the  Chattanooga  shale  at  many  localities. 
In  many  sections  the  Maury  green  shale  is  succeeded  by  li^t  blue 
to  green  shales  bearing  the  Kinderhook  fauna  mentioned  by  Winchell, 
but  in  the  present  section  the  lowest  beds  assigned  to  this  ahale  divi- 
sion are  sandy,  fossiliferous  cherts  holding  practically  the  same  fauna 
as  the  more  typical  clayey  layers  above.  The  main  portion  of  the 
shale,  however,  is  as  described  frequently  by  Safford,  a  light  blue  to 
green  fossiliferous  clayey  fetid  shale.  Bryozoa  form  the  most  abun- 
dant fossils  of  this  shale,  but  none  of  them  has  been  named.  Hie 
ostracods  likewise  are  unnamed,  with  one  exception,  CteMhoOnna 
locuUita  Ulrich,  which  is  known  also  from  the  yellow  clay  beds  at  the 
base  of  the  Louisiana  limestone  in  Missouri.  The  other  classes  of 
fossils  were  studied  by  Winchell,  who  recognized  among  them  numer- 
ous Kinderhook  species.  His  list  of  species,  published  in  the 
''Geology  of  Tennessee''  (pp.  441-446),  follows: 

Spirifera  Urta  ?  White  and  Whitfield. 

Bhynchondla  sageriana  Winchell. 

Chanetes  muUicosta  Winchell. 

Cfumetes  prdeh^la  ?  Winchell. 

Producta  cancentriea  Hall. 

Choneteafischeri  Norwood  and  Pratten. 

Zaphrentis  ida  ?  Winchell. 

Canvlaria  hyhlia  White. 

Leda  leUistriatal  Stevens. 

Solen  8caIpriformi8  Winchell. 

Discirui  saffordi  Winchell. 

PleuroUymaria  Mchmanensis  Winchell. 

PhiUipsia  tennesseeTisis  Winchell. 
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In  another  publication  Winchell  refers  to  these  Kinderhook  shale 
beds  as  the  Hickman  shale,  but  the  term  was  never  defined  and  has 
since  been  employed  for  a  formation  of  Eocene  age. 

The  arenaceous  shales  and  porous  cherts  forming  a  band  two  feet 
or  less  in  thickness  in  the  upper  part  of  the  Ridgetop  shale  are  abun- 
dantly fossiliferous  and  contain  species  which,  considered  alone, 
would  be  regarded  as  indubitably  Devonian.  Among  these  are  a 
Siriatopora,  and  a  Michdinia  of  Devonian  aflinities,  but  the  presence 
of  well-developed  species  of  Palaeacis,  Productas,  and  Agaricocrinua 
is  sufficient  evidence  for  the  post-Devonian  age  of  the  fauna. 

The  Fort  Payne  chert  and  St.  Louis  limestone  following  the  Ridge- 
top shale  in  this  section  are  typical  for  Tennessee,  and  need  no 
further  description  than  that  given  in  the  section. 

WHITES  GREEK  SPRINGS  SECTION. 

This  is  undoubtedly  the  most  interesting  and  important  Waverlyan 
section  of  Tennessee,  first,  because  it  affords  a  clue  to  the  unsettled 
points  in  the  stratigraphy  of  the  Central  Basin,  and  second  on  accoimt 
of  the  rather  numerous  fossils  afforded  by  these  rocks,  which,  in  most 
other  localities  contain  few  specimens.  The  section  also  throws  a 
somewhat  unexpected  light  upon  the  equivalence  of  the  different 
beds  of  the  Waverlyan  with  those  of  the  upper  Mississippi  Valley. 
The  Springs  emerge  from  the  base  of  the  Chattanooga  shale  and  obtain 
their  chalybeate  and  other  properties  from  the  shale  and  its  con* 
tained  minerak.  Excellent  exposures  showing  practically  every 
inch  of  the  formations  listed  are  to  be  seen  in  the  road  northward  to 
the  top  of  the  hill  or  on  the  ridge  to  the  east. 

Geologic  aecHon^  Whites  Creek  SprvngSf  It  miU»  north  of  Nashville,  Tennessee. 

Waverlyan: 

Fort  Payne  chert — 

MaBBive  dark  gray  sUiceouB  and  argillaceouB  limestone  weathering 
into  light  yellow  to  brown  platy  chert.  FoesilB  as  a  rule  uncom- 
mon, crinoidal  remains  being  most  often  observed.  Agaricocrinus 
americanuSy  A.  nodulosus,  Dorycrinus  gouldi,  and  Loboerinus  nosh-    Feet 

t^72(K  are  the  most  abundant  crinoids 100± 

New  Providence  formation — 

Coarsely  crystalline  white  to  gray  crinoidal  limestone  in  layers  12  to 
18  inches  thick,  separated  by  thin  green  to  blue  shale  bands. 
Upon  weathering  these  limestones  and  shales  break  up,  forming 

glades  covered  with  crinoidal  remains 35 

Ridgetop  shalo— 

Light  blue  to  green  fossiliferous  clay  shales,  with  bryozoans  and 

ostracods  most  abundant  fossils 40 

Layers  of  decomposed  chert 0—1 

Maury  green  shale — 

Green  shales  containing  phosphatic  concrotions 6  in.  d= 

Chattanooga  shale — 

Black  bituminous  fissile  shale 35 

Hardin  sandstone  member 0—2  in. 

Silurian  limestone. 


Digitized  by 


Google 


HO.  1851.  WAVERLYAN  PERIOD   OF  TENNESSEE— BA8SLER.         219 

In  this  section  the  Hardin  sandstone,  Chattanooga  shale,  and 
Maury  green  shale  present  their  usual  characters,  differing  only  in 
thickness  from  the  same  strata  elsewhere.  The  Kidgetop  shale  has 
decreased  in  thickness,  although  the  bed  of  decomposed,  sandy  chert 
is  still  present  at  its  base.  The  Kinderhook  faima  described  under 
the  Ridgetop  section  is  present  here  throughout  this  shale. 

Succeeding  the  Ridgetop  shale,  instead  of  the  usual  siliceous  lime- 
stone of  the  Fort  Payne  is  a  formation  of  a  coarsely  crystalline,  rather 
massive  crinoidal  limestone,  with  bands  of  green  and  blue  shale. 
Both  the  shale  and  limestone  are  highly  fossiliferous.  Frequently 
the  crinoidal  fragments  and  other  fossils  are  loosely  cemented  together 
by  a  greenish  shale,  which,  upon  weathering,  leaves  the  groimd 
strewn  with  an  abundance  of  specimens.  The  lithology  and  general 
method  of  preservation  is  exactly  the  same  as  in  the  Enobstone  of 
Indiana  and  Kentucky,  except  that  m  Tennessee  the  limestone  pre- 
dominates, while  in  the  more  northern  areas  the  shale  is  much  more 
conspicuous.  The  fossils  likewise  are  identical  so  far  as  they  have 
been  collected  and  identified.  Among  the  bryozoans,  Bhombopora 
incrasaata  Ulrich,  the  most  abimdant  and  characteristic  bryozoan  of 
the  Knobstone,  or,  as  it  should  now  be  called,  the  New  Providence 
shales,  is  likewise  very  conunon  here.  FenesteUa  regalis,  Oystodidya 
pustvJoaa,  and  Ptilopora  cylindracea  of  Ulrich,  and  other  bryozoans 
known  from  the  Knobstone,  are  also  present.  The  brachiopod 
RhipidomeUa  michdinia  L'Eveille,  and  Chonetes  iUinoiseTisia  Norwood 
and  Pratten,  are  as  abundant  as  in  the  Kentucky  strata.  The 
fauna,  including  the  echinoderms  which  Mr.  Springer  has  identified 
specifically,  is  as  follows: 

Fauna  of  the  New  Providerice  formation,  Whites  Creek  Springe,  Tenn, 

Favoaites  vdlmeyerensia  Weller. 

Beaumontia  americana  Weller. 

Zaphrentis  diffordana  Edwards  and  Haime. 

Amplexus  rugosua  Weller. 

Amplexus  hrevis  Weller. 

Chdoconua  americana  Weller. 

MonUopora  crasaa  (McCoy). 

RMpidomeUa  michdinia  L'Eveille. 

ChoneUs  iUinaisensis  Worthen. 

Spirifer  vemonensia  Swallow. 

Laaiodadia  hindd  Ulrich. 

Rhomhopora  incraasata  Ulrich. 

Oyatodictya  puatuloaa  Uliich. 

Fenegtdla  regalia  Ulrich.  * 

PtUopora  cylindracea  Ulrich. 

MeticlUkyocrinvs  tiaraeformia  (Troost). 

Barycrinua  comutua  (Owen  and  Shumard). 
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CatUlocrinus  tennesseensis  Troost. 
ndlyaiocrirms  perplexus  (Shumard). 
Synixtihocrinus  rohustus  Shumard. 
Schizohlastua  decusaatus  (Shumard). 

Practically  every  one  of  the  above  species  has  been  found  in  the 
New  Providence  shales  in  the  Ohio  Valley  near  Louisville.  Mr. 
Springer's  notes  indicate  many  more  echinoderms  which  are  common 
to  these  Kentucky  shales  and  the  Whites  Creek  Springs  bed  imme- 
diately under  discussion.  A  more  complete  study  of  the  other  fos- 
sils will  no  doubt  greatly  increase  the  number  of  identical  species. 
It  therefore  seems  to  me  that  the  equivalence  of  the  New  Providence 
ghale  and  the  Tennessee  strata  under  consideration  can  not  be 
doubted.  Not  only  are  the  faunas  practically  identical,  but,  as 
mentioned  above,  the  lithological  characters  of  the  ^eds  in  the  two 
areas  are  essentially  similar.  As  these  Tennessee  strata  are 
undoubtedly  only  the  southern  extension  of  the  New  Providence 
(Ejiobstone)  shale,  it  seems  desirable  to  use  the  same  name  for  them 
in  preference  to  coining  a  new  term. 

The  Fort  Payne  chert  in  the  Whites  Creek  Springs  section  differs 
but  Uttle  from  the  beds  elsewhere  recognised  in  Tennessee  under  the 
names  Fort  Payne  and  Tullahoma.  For  reasons  stated  before,  the 
latter  name  is  discarded  in  favor  of  the  former.  Fossils,  with  the 
exception  of  crinoids,  are  extremely  rare  and  the  crinoids  are  by  no 
means  common.  All  of  the  crinoids  from  this  horizon  are  of  un- 
doubted Keokuk  forms,  as  evidenced  by  Mr.  Springer's  list  which 

follows: 

Crinoids  of  the  Fort  Payne  chert,  Whites  Creek  Springs,  Term. 

Agaricocrimis  americanus  Roemer. 
Agaricocrinus  nodvlosua  Meek  and  Worthen. 
Lobocrinus  ruisTivilUie  Hall. 
AUoprosaUocrinus  conicus  Casseday  and  Lyon. 
Eretrnocnrms  ramvlosus  (Hall). 
Eretmocrirms  praegravis  Miller. 
Dorycrinua  govMi  (Hall). 
The  hills  in  the  vicinity  of  Whites  Creek  Springs  do  not  rise  high 
enough  to  show  the  St.  Louis  limestone. 

EMBAYMENT  DEVELOPMENT  OF  NEW  PROVIDENCE  FORMATION  IN 

TENNESSEE. 

Sections  with  the  same  stratigraphic  units  as  at  Whites  Creek, 
and  each  developed  to  practically  the  same  thickness,  are  exposed 
in  the  creek  valleys  just  east  and  west  of  Whites  Creek;  but  farther 
away,  say  8  or  10  miles  west  and  southwest  along  the  Une  of  out- 
crops, the  New  Providence  shale  division  is  entirely  absent,  having 
pinched  out  in  the  intervening  space.    Going  east  and  northeast 
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from  Whites  Creek  toward  Ridgetop;  the  same  thing  happens.  At 
Union  Hill,  4  miles  east  of  the  Whites  Creek  section,  the  New 
Providence  diyision  and  the  Fort  Payne  chert  are  both  splendidly 
exposed,  but  the  former  is  here  much  reduced  in  thickness.  A  few 
miles  farther  east  the  New  Providence  disappears  entirely,  as  shown 
in  the  Ridgetop  section.  The  Whites  Creek  area,  therefore,  seems 
to  have  been  the  site  of  an  embayment  of  the  Nashville  Island  in 
New  Providence  times.  Considering  the  location  of  the  area  and 
the  lithologic  and  faunal  similarity  of  these  deposits  to  those  of  the 
same  age  in  the  vicinity  of  Louisville,  Kentucky,  it  seems  probable 
that  the  latter  were  laid  down  in  the  northern  part  and  those  at 
Whites  Creek  near  the  southern  end  of  a  trough  paralleling  the 
Cincinnati  axis.  So  far  as  known,  the  New  Providence  did  not 
extend  to  the  east  of  this  axb.  Similar  embayments  of  Richmond 
and  Niagaran  times  have  been  described  by  Hayes  and  Ulrich.^  One 
of  their  embayments  terminates  in  the  northeastern  comer  of  the 
Columbia  sheet,  and  it  is  possible  that  detailed  mapping  will  show 
the  New  Providence  formation  of  the  Whites  Creek  area,  which  is 
less  than  25  miles  to  the  north,  to  have  been  deposited  in  a  continua- 
tion of  the  same  trough.  If  true,  we  have  a  good  example  of  the 
permanence  of  these  embayments.  The  extent  of  the  submergence 
df  this  trough  varied  at  least  in  Richmond  and  Niagaran  times,  for 
the  older  deposits  stretched  some  miles  farther  south  than  did  the 
Niagaran  invasion.  From  evid^aee  here  presented  and  elsewhere 
in  hand  it  appears  that  deposition  was  still  more  restricted  in  Waver- 
lyan  transgressions.  Thus,  with  each  transgression  the  extent  of 
each  subsequent  invasion  was  progressively  less,  until,  in  New 
Providence  time,  the  submerged  area  extended  only  a  few  miles 
south  of  Whites  Creek  Springs.  As  brought  out  by  Hayes  and 
Ulrich,  even  the  Chattanooga  shows  evidence  of  earUer  deposition 
confined  to  these  embayments,  with  the  later  Chattanooga  spreading 
far  and  wide  over  their  borders.  Following  this  New  Providence 
time  of  greatest  restriction,  at  least  of  these  embayments,  the  long 
and  general  submergence  of  the  Fort  Payne  sets  in,  doubtless  covering 
the  whole  dome. 

The  development  of  these  shales  and  limestones  in  the  Whites 
Creek  area  has  a  noticeable  effect  upon  the  present  topography.  In 
areas  where  the  siUceous  Fort  Payne  rests  upon  the  soft  Ridgeto|> 
shale  or  upon  the  Chattanooga  shale,  the  descent  from  the  Highland 
rim  to  the  Central  Basin  is  usually  very  steep.  The  intercalation  of 
a  loosely  cemented  fragmental,  f ossiUferous  hmestone  in  the  Whites 
Creek  area  causes  a  bench  to  be  developed  in  this  otherwise  steep 
descent,  so  that  from  a  study  of  the  topography  one  is  almost  able 
to  determine  the  outline  of  the  area  containing  the  New  Providence. 

1  Columbia  FoUo,  U.  S.  Oeol.  Surv.,  FoMo  No.  86, 1908. 
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Proceeding  south  along  the  west  side  of  the  Nashville  dome,  the 
Fort  Payne  chert  rests  either  upon  the  Ridgetop  shale  or  upon  some 
lower  formation.  I  am  aware  of  no  instance  in  which  the  New 
Providence  formation  forms  a  part  of  the  section.  However,  it  is 
possible  that  more  field  work  will  show  deposits  in  embayments 
similar  to  the  one  at  Whites  Creek,  along  the  west  and  south  sides  of 
the  dome.  Safford  mentions  crinoidal  limestone  in  the  lower  part 
of  his  Siliceous  Group  at  several  localities  in  addition  to  Whites  Creek, 
and  these  possibly  may  prove  to  be  of  New  Providence  age. 

CORRELATION. 

In  the  accompanying  correlation  table  I  have  endeavored  to 
arrange  the  Waverlyan  and  early  Tennesseean  formations  according 
to  the  available  facts.  As  Schuchert,  in  his  "Paleogeography  of 
North  America."*  has  presented  a  more  comprehensive  table  cover- 
ing the  Waverlyan,  or,  as  he  terms  it,  the  Mississippic,  I  need  only 
call  attention  to  the  points  in  which  my  own  table  differs.  In  the 
column  devoted  to  the  general  time  units  it  will  be  noted  that  the 
Kinderhookian  does  not  include  the  early  Waverlyan  black  shales, 
and  that  these  are  placed  as  a  part  of  an  unnamed  series.  The 
Kinderhook  never  did  include  these  shales,  and  it  would  be  an 
unwarranted  extension  of  the  series  term  to  make  it  embrace  them. 
Moreover,  these  black  shales  represent  a  definite  time  period  of  pre- 
Kinderhookian  and  post-Devonian  age,  and  distinct  diastrophic 
history.  In  the  same  column  the  Glen  Park  is  placed,  not  below,  but 
above  the  Louisiana,  a  position  which  I  determined  some  years  ago 
in  sections  at  Hamburg,  Illinois.  The  placing  of  the  New  Providence 
under  the  Burlington  at  the  base  of  the  Osagian  is  a  provisional 
arrangement,  since  the  close  relations  to  the  Lower  Burlington  are 
appreciated,  and  the  possibility  of  their  partial  equivalence  is  recog- 
nized. A  correlation  which  is  made,  however,  without  reserve,  is 
the  exact  equivalence  of  the  New  Providence  and  the  Fern  Glen 
formations.  Weller^  in  his  Kinderhook  Faunal  Studies'  writes  as 
follows: 

Although  our  knowledge  of  this  basal  Knobstone  fauna  is  incomplete,  the  evidence 
available  seems  to  indicate  that  a  reasonably  close  correlation  between  it  and  the 
Fern  Glen  fauna  can  be  made. 

Mr.  Springer's  study  of  the  echinoderms  strengthens  this  view,  and 
the  occurrence  of  numerous  other  Fern  Glen  fossils  in  the  Tennessee 
strata  here  termed  New  Providence,  is  thought  to  establish  the 
correctness  of  this  correlation.  The  reasons  for  the  adoption  and 
correlation  of  the  other  formational  names  under  discussion  have 
been  stated  in  the  preceding  remarks. 

1  Bull.  Oeol.  Boc.  Amer.,  vol.  20, 1910,  p.  648. 

*  The  Fauna  of  the  Fern  Glen  Fonuatlon,  Boll.  Geol.  Soo.  America,  vol.  20, 1900,  pp.  265-399t 
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NomadtUa  Cockerell,  1903. 

Type. — N.  articulata  (americana  auctt.).    Antenaee  of   male  peculiar.    Includes 
also  N.  martinella,  scUa,  scitiformiSy  erythrochroay  and  sopkiarum. 
Melanomada  Cockerell,  1903. 

Type. — N.  grindelix.    Male  entirely  black,  female  with  red  abdomen. 

I  can  not  distinguish  Cephen  from  Micrtmomada. 

TABLES. 

(1)  Cockerell,  Bull.  94,  Colo.  Agile.  Exp.  Sta.,  pp.  70-75.    (Dated  December,  1904, 

but  published  early  in  February,  1905:  Species  of  Rocky  Mountains.) 

(2)  Cockerell,  Bull.  94,  Colo.  Agric.  Exp.  Sta.,  p.  82.    (Allies  of  N.  pallidella.) 

(3)  Cockerell,  Bull.  94,  Colo.  Agric.  Exp.  Sta.,  p.  84.    (Allies  of  N.  coloraderma.) 

(4)  Cockerell,  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  pp.  55^-561.    (Species  of  CaJi- 

fomia.) 
(6)  Cockerell,  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  pp.  580-582.    (Xanthidium  and 
HoUmomada.) 

(6)  Cockerell,  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  589.    (Red  species.) 

(7)  Cockerell,  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  591.    ICerUrias  and  NomaduUu) 

(8)  Cockerell,  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  593. 

(9)  Cockerell,  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  pp.  594-596.    (Gnathias.) 

(10)  Cockerell,  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  pp.  608-610.    (Mienmomada  and 

Centrias.) 

(11)  Cockerell,  Univ.  of  Colorado  Studies,  vol.  4  (1907),  pp.  247-248. 

(12)  Robertson,  Canadian  Entomologist,  Jiine,  1903,  pp.  173-179. 

LIST  OF  SPECIES. 

* occepto Cresson,  1878.    ** Colorado,  Kansas  (Snow,  male,  Morrison,  female).' '    Tab.l. 
addwcta  Crbsson,  1878.    Colorado  (Morrison).    Tab.  1. 
♦a/aWZw  Crbsson,  1878.    "New  York;  Illinois."    Tab.  5,  12. 
* affabUis  dallasensis  Cockerell,  1911.    Dalits,  Texas  (Crawford  and  Pratt).    Subg. 
Holonomada. 
Type.—C2Lt.  No.  13434,  U.S.N.M. 
agynia  Cockerell,  1905.    Golden,  Colorado,  July  (Gillette).    Tab.  1. 

*  albofasciata  Smfth,  1879.    Canada.    Tab.  1,  9. 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  312.    Subg.  Onathica. 

Distribution  in  U.  S.;  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  602. 
cdpha  Cockerell,  1905.    Fort  Collins,  Colorado,  May  20  (Bishopp).    Tab.  1. 
*americana  Kirby,  1837.    Hudson  Bay. 

Confusion  as  to  identity.    See  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  310. 
amoena  Crbsson,  1863.    Rock  Island,  Illinois. 

Viereck  reports  that  the  type  is  not  in  Philadelphia. 

*  angeUarum  Cockerell,  1903.    Los  Angeles  County,  California  (Coquillett).    Tab.  4. 

Type.— C&t.  No.  13158,  U.S.N.M. 
anniUata  Smffh,  1854.    '* North  America"  (Murchison). 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  311. 
antonita  Cockerell,  1909.    Antonito,  Colorado. 

*aquilarum  Cockerell,  1903.    South  Fork  of  Eagle  Creek,  New  Mexico  (Townsend). 
Tab.  1. 
Visits  Erigeron  in  August. 
Type.—CsLt.  No.  13183,  U.S.N.M. 
^arizonica  Cockerell,  1911.    Arizona  (Carl  F.  Baker).    Subgen.  Xanthidium. 

3Vp«.— Cat.  No.  14024,  U.S.N.M. 
arrruUa  Hbrrich-Schaeffer,  1839.    Europe. 
Nova  Scotia.    Female  with  head  and  thorax  black;  anterior  margin  of  clypeus 
ferruginous;  thorax  marked  with  ferruginous;  abdomen  ferruginous,  base  black, 
second  segment  with  an  oval  yellow  spot  on  each  side.    Labrum  of  male  armed 
with  a  sharp  tooth  in  the  middle. 
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^armateUa  Gogkebell,  1903.    Canada.    Tab.  3. 

7Vp«.— Cat.  No.  13174,  U.S.N.M. 
•caficulata  Smith,  1854.     ''North  America"  (Doubleday).    Tab.  12.    (As  Centriag 
(Bncricanus.) 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  312. 

This  has  been  erroneously  known  as  N,  americana. 
*athmeadi  Gockerell,  1903.    Los  Angeles  County,  California  (Coquillett).    Tab.  4. 

!ZVp«.— Cat.  No.  13173,  U.S.N.M. 
attcri  CocKBRELL,  1903.    Corvallis,  Oregon,  May  and  June  (Cordley).    Tab.  6. 

Possibly  a  variety  of  N,  ultima, 
atrofrontata  Cogkbbell,  1903.    S.  California.    Tab.  4. 

Allied  to  N.  ultima, 
azteoorum  Cockebbll,  1903.    Amecameca,  Mexico,  September  (Barrett). 

Female  about  11  mm.;  black  with  bright  yellow  marking;  tegul»  bright  feiru- 
ginous;  legs  black  and  red. 
hanksi  Cockebbll,  1907.    Glencarlyn,  Viiginia,  October  (N.  Banks). 
•belfragei  Cbbssok,  1878.    Texas  (G.  W.  Belfrage). 
*bel/ragei  xanthogmter  Cockebbll,  1911.    Texas  (G.  W.  Belfrage). 

Type,— CsLt.  No.  13427,  U.S.N.M. 
^bella  Cbbsson,  1863.    Massachusetts;  Connecticut.    Tab.  1,  6,  9.    Subg.  GruUhias. 

Distribution;  Proc.  Acad.  Nat.  Sci.  Fhila.,  1903,  p.  601. 
*bella  callwra  Cockebbll,  1911.    West  Cliff,  Colorado  (Cockerell).    Subg.  GnaMas. 

Type.—CsLt,  No.  13437,  U.S.N.M. 
*beihunei  Cockebbll,  1903.    Canada.    Tab.  3. 

Table  contrasting  hethunei  with  armaUlla;  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  607. 

2^pg.— Cat.  No.  13159,  U.S.N.M. 
heulahenns  Cockebbll,  1903.    Beulah,  New  Mexico,  August  (Cockerell).    Tab.  1. 

Allied  to  N,  inUrrupUlla. 
btfwrcata  Cogkbbell,  1903.    S.  California.    Tab.  4. 

AlUed  to  N,  9ayi, 
bitiffnata  Sat,  1824. 

Robertson  (1898)  stated  that  this  could  not  be  identified,  as  he  knew  three  species 
agreeing  with  Say's  description. 
(oreaZuZBTTEBflTEnT,  1838.    Europe. 

Description  of  specimen  from  Nova  Scotia;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  311. 
ealtfomix  Cockebbll,  1903.    S.  California.    Tab.  4. 

Allied  to  N.  erythrsta, 
*earolinx  Cockebbll,  1903.    North  Carolina.    Tab.  9. 

Very  close  to  N,  cuneata. 
ceanotiii  Cockebbll,  1907.    Glencarlyn,  Virginia  (N.  Banks). 

Allied  to  N.fiariUga,    Visits  Ceanothua  in  June. 
citrina  Cbbssok,  1878.    California  (Henry  Edwards).    Tab.  5. 
eUrina  rufula  Cogkbbell,  1903.    Grangeville,  Idaho.    Tab.  5. 
*civilis  Cbbsson,  1878.    Colorado  (Ridings,  Morrison).    Tab.  1,  5. 

Female;  Entomologist,  1909,  p.  93. 
civUU  8pohanen9i8  Cockebbll,  1910.    Spokane,  Washington  (W.  M.  Mann).    Subg. 

Xantkidium. 
elarkii  Cogkbbell,  1903.    Corvallis,  Oregon,  April  6  (Cordley).    Tab.  6. 
*eoUinaiana  Cogkbbell,  1905.    Fort  Collins,  Colorado  (S.  A.  Johnson).    Tab.  1, 11. 
ooloradella  Cogkbbell,  1905.    Fort  Collins,  Colorado.    Tab.  1. 
coloradensis  Cockebbll,  1903.    Montrose,  Colorado  (Gillette).    Tab.  1,  3. 

Male,  and  history  of  type;  Bull.  94,  Colo.  Agric.  Exp.  Sta.,  p.  84. 
*eoquUUtti  Cogkbbell,  1903.    Santa  Clara  County,  California  (Coquillett).    Tab.  4. 

Resembles  N,  wjodocofrum, 

IVpc.— Cat.  No.  13186,  U.S.N.M. 
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cordUyi  Cockerbll,  1903.    Gorvallis,  Oregon  (Cordley). 

Male  7  mm.;  abdomen  subclavate. 
oomelUana  Gogkbrell,  1908.    Ithaca,  New  York  (N.  Banks). 

A  OnatkUu  allied  to  N.  physnra. 
eorvalliienM  Cockbrell,  1903.    Corvallis,  Oregon,  May  24  (Cordley).    Tab.  6. 
*eraMu2a GocKBRELL,  1903.    Louisiana.    Tab.  10. 
Resembles  N.  modesta. 

IVp«.— Cat.  No.  13171,  U.S.N.M. 
*crawfardi  Gogkbrell,  1905.    Virginia  Dale,  Colorado  (Bishopp).    Tab.  1. 

Male;  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  22  (1906),  p.  438. 
*cre99(mix  Robertson,  1893.    Illinois  (Robertson).    Tab.  12. 
cressonii  trevoriana  Cogkbrell,  1905.    Olympia,  Washington  State  (Eincaid). 

No  subdiscal  cuneate  spot  on  fourth  abdominal  segment. 
*crotdni  Crbsson,  1878.    Fort  Tejon,  California  (Crotch), 
crote/^u  ni^rior  Cogkbrell,  1903.    S.  California.    Tab.  4. 
^erucU  Cogkbrell,  1903.   Las Cruces,  New  Mexico,  August  (Townsend).    Tab.  1, 8, 10. 

Closely  allied  to  N.  neomeoncana, 
'    Female;  Entomologist,  1907,  p.  265. 
crudeliB  Cresson,  1878.    Geoigia  (Morrison). 

''This  and  grandis  are  our  largest  Bi)ecie8"  (Cresson,  1878). 
eubensis  Cresson,  1865.    Cuba  (Gimdlach). 
*cuneaUi  Robertson,  1903.    Illinois.    Tab.  1, 9, 12. 

Distribution;  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  pp.  601-^2. 
cuneata  decemnotata  Robertson,  1903.    Illinois.    Tab.  12. 
^curuata  oeUmotata  Robertson,  1903.    Illinois.    Tab.  12. 
*cune<Ua  quadrxsiffnata  Robertson,  1903.    Illinois.    Tab.  12. 
cuneata  texnotata  Robertson,  1903.    Illinois.    Tab.  12. 
•curteriona Cockerell,  1911.  West  Cliff,  Colorado  (T.D.  A.  Cockerell).  Suhg&n.Gnathuu, 

Type,— OAt,  No.  14023,  U.S.N.M. 
^cymhalanK  Cogkbrell,  1906.    Near  Lake  George,  Colorado,  June  18  (Rohwer). 

Probable  male  (close  to  illinoientie);  Entomologist,  Dec.,  1907,  p.  268. 
*daeotana  Cogkbrell,  1903.    Brookings,  South  Dakota.    Tab.  1,  10,  11. 

Also  in  Colorado  and  Montana. 
davfd9on%  Cogkbrell,  1903.    S.  California.    Tab.  4. 
deeempunctata  Cogkbrell,  1903.    S.  California.    Tab.  4. 
^dtntarix  Robertson,  1903.    Illinois  (Robertson).    Tab.  5,  12. 
*derUiculaia  Robertson,  1902.    Illinois  (Robertson).    Tab.  12. 

Formerly  confused  with  N.  articulata, 
depre$9a  Cresson,  1863.    Maine. 

Female  with  a  depression  on  fifth  dorsal  abdominal  segment. 

Table  of  Bi)ecies  allied  to  depresea;  £nt.  News,  July,  1908,  p.  323. 
depreeeieauda  Cogkbrbll,  1908.    FaUs  Church,  Virginia  (N.  Banks). 

Group  of  N,  depreeta, 
diludda  Crbsson,  1878.    Colorado  (Morrison).    Tab.  1. 
edrue  Cogkbrell,  1907.    Boulder,  Colorado,  April  10  (Edna  Baker). 

Superficially  much  like  N,  omUhica. 
^eduHvdni  Crbsson,  1878.    CaUfomia  (Henry  Edwards).    Tab.  4,  5. 

Resembles  N.  tuperba. 
edwardsii  australior  Cogkbrell,  1903.    Los  Angeles  County,  California  (CoquiUett). 

Tab.  4. 
^electa  Crbsson,  1863.    Illinois;  Connecticut. 

Female  with  sides  of  face,  clypeus,  labrum,  mandibles,  posterior  orbits,  and  a 
minute  spot  on  each  side  of  ocelli,  ferruginous  tinged  with  yellowish;  abdomen 
yellow-banded  above,  beneath  piceous,  immaculate.  Male  with  clypeus,  etc., 
yellow. 
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elecUlla  Cogkbrsll,  1903.    Georgia. 

Anterior  cox»  of  female  spined. 
*elegantula  Goceerbll,  1903.    Los  Angeles  County,  California.    Tab.  4. 
Also  occurs  at  Lewiston,  Idaho. 
Type.—CAt.  No.  13180,  U.S.N .M. 
ehrodi  Cockbrell,  1903.    Montana.    Tab.  1,  5. 

Also  in  Nebraska. 
erigeronis  Robbrtson,  1897.    Illinois  (Robertson).    Tab.  7, 10, 12. 

West  to  Nebraska.    See  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  588. 
*eiythrwa  Dalla  Torrb,  1896.    Tab.  4. 
*erythrochroa  Cocebrbll,  1903.    Pasco,  Washington,  May  25  (Kincaid). 

An  orange-ferruginous  species. 

Type,—C9X.  No.  13165,  U.S.N.M. 
^excellena  Cockbbbll,  1903.    S.  California.    Tab.  4. 

Variety  from  Nevada;  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  588. 
eoccurrens  Cocebrbll,  1903.    Southern  California.    Tab.  4. 

Very  close  to  N.  hemphUli. 
fervida  Smith,  1854.    "St.  John's  Bluff,  East  Florida;  Georgia  (E.  Doubleday)." 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  310. 
festiva  Crbsson,  1863.    New  Jersey. 

Resembles  N,  modesta;  abdomen  with  yellow  bands. 
flammigem^  Cocebrbll,  1906.    North  Yakima,  Washington,  May  15  (E.  Jenne). 

Female  with  head  and  thorax  red,  with  black  markings  and  no  yellow;  abdomen 
with  a  round  cream-colored  spot  on  each  side  of  second  segment;  mandibles 
simple. 
flaviceps  Crbsson,  1865.    Cuba  (Gundlach). 
Jlavipes  Provanchbr,  1888.    Los  Angeles,  California. 

Appears  to  be  near  N,  formula, 
flofilega  Lovbll  and  Cocebrbll,  1905. 

Female  about  8  mm.;  allied  to  N,  sayi,  but  larger  and  darker,  the  metathorax 
entirely  black. 

Visits  AraUa  and  Spirsea. 
forUis  Cocebrbll,  1910.    Steamboat  Springs,  Colorado  (Cockerell).    Subg.  Nomada 

s.  str. 
*foTmula  ViBRBCx,  1903.    San  Pedro,  California  (Cockerell).    Tab.  4,  8, 10. 

Male;  Cockerell,  Proc.  U.  S.  Nat.  Mus.,  vol.  39, 1911,  p.  658. 
fowled  Cocebrbll,  1903.    Corvallis,  Oregon,  April  15  (Cordley). 

Female  black  and  ferruginous;  the  only  yellow  about  the  insect  is  a  small  patch  at 
extreme  lower  comers  of  face. 
fragilis  Crbsson,  1878.    Colorado  (Ridings,  Morrison).    Tab.  1,  8,  11. 
yrieuana  Cocebrbll,  1904.    Prospect  Lake,  Colorado  Springs,  Colorado,  May  22 
(T.  and  W.  Cockerell). 

Resembles  N.  ruhieunda, 
*garciana  Cocebrbll,  1907.    Mesilla  Park,  New  Mexico,  May  1  (Cockerell). 

Possibly  a  subspecies  of  N,  anowi. 
gibboaa  Vibrbce,  1905.    Oregon. 

Thorax  almost  entirely  black,  including  scutellimi;  abdomen  with  yellow  spots;  a 
little  yellow  at  lower  comers  of  face. 
gillettei  Cocebrbll,  1905.    Golden,  Colorado,  July  3  (Gillette).    Tab.  1. 
^gracilis  Crbsson,  1863.    Maasachusetts. 

Notes  on  type;  Entomologist,  1907,  p.  98. 
grsenidieri  Cocebrbll,  1905. 

A  Xantkidium  looking  like  N.  modesta;  visits  HelianiJnu  in  August. 
groTuHs  Crbsson,  1875.    Colorado  (H.  C.  Yarrow).    Tab.  1. 
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grayi  Cockbeell,  1903.    Corvallia,  Oregon,  May  7  (Cordley).    Tab.  6,  9. 
*ffrayi  eastonemis  Cogkbbbll,  1903.    Ea^on,  Washington.    Tab.  9. 

Type.—€aJt.  No.  131«3,  U.S.N.M. 
^ffHndeliae  Cockebell,  1903.    Lincoln,  Nebraska,  Sept.  2  (Crawford).    Tab.  1. 

Male  black;  female  with  red  abdomen. 
gutierrezise  Gockerell,  1896.    Mesilla  Park,  New  Mexico  (Cockerell).    Tab.  1. 

2yp«.— Cat.  No.  5322,  U.S.N.M. 
heilighrodtii  Gbesson,  1878.    Texas  (L.  Heiligbrodt).    Tab.  10. 

Allied  to  N.  modesta, 
*helmiella  Cockebell,  1911.    Victoria,  Texas  (J.  C.  Crawford).    Subg.  Melanomada. 

Type.— CAt.  No.  13431,  U.S.N.M. 
hempMlli  Cockebell,  1903.    S.  California.    Tab.  4. 
hesperia  Cockebell,  1903.    S.  California.    Tab.  4. 
hoodiana  Cockebell,  1903.    Mount  Hood,  Oregon. 
Ulinoenns  Robebtson,  1900.    Illinois  (Robertson).    Tab.  12. 

Was  confused  with  N.  sayi;  abdomen  of  female  nearly  always  5-  or  6-  spotted. 
imbricata  Smith,  1854.    ''United  States." 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  310. 
*ineerta  Cbbsson,  1863.    "Conn.,  N.  J.,  Pa.,  Md.,  Ills." 

Female  abdomen  ferruginous,  immaculate. 

Same  as  N.  articulaia, 
infantula  Cockebell,  1907.    Great  Falls,  Virginia,  May  22  (N.  Banks). 

A  v^ry  small  species,  about  5  mm.  long. 
iTitegenima  Dalla  Tobbe,  1896. 

Apex  of  male  abdomen  entire. 
inUgra  Robebtson,  1893.    Illinois  (Robertson).    Tab.  12.    {Phor  integer.) 

Name  preoccupied;  =inUgerrima. 
intereepta  Smith,  1879.    Vancouver  Island. 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  Si,  p.  312. 
interrupta  Fowleb,  1899.    Berkeley,  California  (H.  0.  Woodworth). 

Name  preoccupied;  ^interruptella. 
vrUerruptella  Fowleb,  1902. 
iUxmera  Cockebell,  1910.    Pullman,  Washington  (W.  M.  Mann).    Subg.  Nomada 

s.  str. 
jennei  Cockebell,  1906.    N.  Yakima,  Washington,  Sept.  26  (E.  Jenne). 

Although  the  anterior  coxae  are  not  spined,  they  have  minute  red  tubercles. 

Probably  nearest  to  N.  pascoensis,  which  is  quite  differently  colored. 
jocularie  Cbbsson,  1879.    Nevada  (Moirison). 
hinccttdiana  Cockebell,  1903.    Washington. 
hrugii  Cbbsson,  1878.    Porto  Rico  (Leopold  Krug). 
kmarenm  Cockebell,  1905.    Lamar.  Colorado.    (E.  D.  Ball).    Tab.  1. 
^laiifnmi  Cockebell,  1903.    Santa  Cruz  Mountains,  California.    Tab.  4. 

Variety  from  Nevada;  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  588. 

Type.-K^sX.  No.  13155,  U.S.N.M. 
^Uhighensie  Cockebell,  1903.    Lehigh  Gap,  Pennsylvania.  (Viereck). 

PorcUypc.— Cat.  No.  13831,  U.S.N.M. 
*2epufo  Cbbsson,  1863.    Pikes  Peak,  Colorado;  Rock  Island,  Illinois.    Tab.  1,  9,  11. 

Subgenus  Qnathias. 

New  description;  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,^  p.  596. 
*lewi8i  Cockebell,  1903.    Corvallis,  Oregon,  May  and^Jime  (Cordley).    Tab.  6. 

Paratype.—CAt.  No.  13188,  U.S.N.M. 
*libata  Cbbsson,  1878.    Colorado  (Ridings).    Tab.  1. 

For  characters  see  Cockerell,  Proc.  U.  S,  Nat.  Mus.,  vol.  39,  IdU,  p.  648. 
Umata  Cbbsson,  1878.    Mexico  (Sumichrast). 

Resembles  the  Cuban  N.  tibialis.    Also  in  Texas. 
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Kppix  CocKBRBLL,  1903.    La  Cueva,  Organ  MountaiDS,  New  Mexico  (Townsend). 
Tab.  1,  8, 10. 

VisitB  Lippia  in  September. 
lippix  wblippix  CocKSRELL,  1907.    Las  Gruces,  New  Mexico,  Sept.  15  (Gockerell). 

Male  with  clypeus  black;  nosupraclypealmark;  lateral  face-marks  nairower  above. 
*lomsianx  Gockerell,  1903.    Louisiana.    Tab.  9. 

Allied  to  N.  cuneata. 

2Vp«-— Cat.  No.  13166,  U.S.N.M. 
•hUeola  OuYiBR,  18li.    Carolina.    Tab.  5,  12. 
HvJUola  hithoppi  Oogkerbll,  1911.    Dallas,  Texas  (Bishopp).    Subg.  Ximihidium, 

IVpe.— Cat.  No.  13436,  U.S.N.M. 
*luUoloide8  Robertson,  1895.    Illinois  (Robertson).    Tab.  5,  12. 

Allied  to  N.  luUola. 
hUeopieta  Gockerell,  1905.    Palisades,  Colorado  (Gillette).    Tab.  1. 
^hnaeulata  Ceesson,  1863.    Connecticut. 

Female  of  N,  heUa. 
magnifica  Gockerell,  1903.    Colorado.    Tab.  1. 

Perhaps  a  variety  of  N.  ffrandis. 
malonella  Gockerell,  1910.    Wawawai,  Wash.  (W.  M.  Mann).     Subg.  Nomada  s.  str. 
mdUmma  Gockerell,  1910.     Wawawai,  Wash.  (W.  M.  Mann).     Subg.  Nomada  s.  str. 
*marffineUa  Gockerell,  1903.    S.  California.    Tttb.  4. 

^martinella  Gockerell,  1903.    Mesilla  Ptok,  New  Mexico,  April  (Gockerell).    Tab.  1, 
10,  11. 

Male;  Bull.  94,  Colorado  Agric.  Exper.  Sta.,  p.  76.    Also  in  Colorado. 

Type.—Cht.  No.  13156,  U.S.N.M. 
meUiventrit  Ceesson,  1878.    California  (Henry  Edwards). 
*mera  Gockerell,  1908.    Salina,  Colorado  (W.  P.  Gockerell). 

Allied  to  N.  ereswmi;  a  variety  occurs  in  New  Jersey. 
mexiama  Cresson,  1878.    Mexico  (Sumichrast). 
VMMila  Gockerell,  1906.    Falls  Church,  Virginia  (N.  Banks). 

Resembles  N.  modeata. 
miniata  Smith,  1854.    Georgia. 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  311. 
^miUhelli  Gockerell,  1911.    Victoria,  Texas  (J.  D.  Mitchell).    Subg.  Mieronomada. 

Type.— CAt,  No.  13433,  U.S.N.M. 
*mode8ta  Cresson,  1863.    Maine;  Rock  Island,  Illinois.    Tab.  10. 
modesta  riverlonentia  Gockerell,  1903.    Riverton,  New  Jersey  (Viereck).    Tab.  10. 
nukheorum  Gockerell,  1903.    Corvallis,  Or^on  (Gordley). 
monUzumia  Smtth,  1879.    Orizaba,  Mexico. 

Notes  on  type;  Trans.  Am.  Ent.  See.,  vol.  31,  p.  312. 
*morriioni  CREsaoN,  1878.    Colorado  (H.  K.  Morrison).    Tab.  1,  5. 
^mamaoniflagellarU  Gockerell,  1903.    Colorado  (Morrison).    Tab.  1,  5. 

2Vp«— Cat.  No.  13172,  U.S.N.M. 
munda  Cresson,  1878.    Colorado  (Ridings).    Tab.  1. 

Female  with  clypeus  and  togulse  ferruginous. 
mutOM  Gockerell,  1910.    Pullman,  Washington  (W.  M.  Mann).    Subg.  EoUmomada. 
^neomexieana  Gockerell,  1903.    Deming,  New  Mexico,  July  (Gockerell).    Tab.  1, 
8,10. 

Perhaps  a  subspecies  of  texana, 

!ZVp«.— Cat.  No.  13157,  U.S.N.M. 
nigroeineta  Smith,  1879.    Arctic  America.    Tab.  6. 

Notes  on  type;  Trans.  Amer.  Ent.  8oc.,  vol.  31,  p.  311. 
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obliqua  Fowler,  1899.    Berkeley,  Califomia  (H.  0.  Woodworth). 

Name  preoccupied;  ^obliquelia, 
obliquella  Fowler,  1902. 

*o&Zi^ataORB880N,1863.    DiBtrictof  GolumbiA.    Tab.  1,12.   {Eeminomadaobliteraia.) 
obscura  Fowler,  1899.    Berkeley,  Califomia  (Fowler). 

Name  preoccupied;  ^obKvrella. 
obscurella  Fowler,  1902. 

opposiia  Cresson,  1878.    California  (Henry  Edwards). 
orcuaella  Cockerell,  1910.    Orcas  leland,  Washington  (W.  M.  Mann).  •  Subg.  NoTiada 

6.  str. 
*oreg<mica  Ck>CKSRELL,  1903.    Corvallis,  Or^on,  April  to  June  (Cordley).   Tab  4,  6. 

Ranges  to  S.  Califomia.    Similar  to  N.  tayi, 

Paratype.—Ce^t.  No.  13191,  U.S.N.M. 
omithica  Cockerell,  1906.    Boulder,  Colorado  (W.  P.  Cockerell).    Tab.  11. 
^oibomi  Cockerell,  1911.    Tucson,  Arizona  (H.  Osbom).    Subgen.  Nonuda  s.  str. 

2Vpe.— Cat.  No.  14026,  U.S.N.M. 
ovata  Robertson,  1903.    Illinois  (Robertson).    Tab.  9,  12. 
ovata  binotata  Robertson,  1903.    Illinois.    Tab.  12. 
ovata  oetomaeulata  Robertson,  1903.    Illinois.    Tab.  12. 
ovata  plena  Robertson,  1903.    Illinois.    Tab.  12. 
ovata  quadrimaculata  Robertson,  1903.    Illinois.    Tab.  12. 
ovata  aexmaculata  Robertson,  1903.    Illinois.    Tab.  12. 
ovata  unicolor  Robertson,  1903.    Illinois.    Tab.  12. 
pacata  Cresson,  1878.    Colorado  (Ridings). 

Same  as  N.  accepta.    See  Ann.  Mag.  Nat.  Hist.,  Oct.,  1903.    p.  447. 
packardiella  Cockerell,  1906.    Boulder,  Colorado,  June  11  (W.  P.  Cockerell).    Tab.  11. 

Allied  to  N,  nigrociTicta, 
pallidella  Cockerell,  1905.    Montrose,  Colorado  (Gillette).    Tab.  1,  2 
parata  Cresson,  1878.    Colorado  (Ridings).    Tab.  1. 

Allied  to  N.  libataf  but  tegulce  polished,  with  a  few  scattered  punctures  (in  hb<Ua 
coarsely  sculptured  and  opaque). 
*parva  Robertson,  1900.    Illinois  (Robertson).    Tab.  12. 

Confused  with  N.  sayi;  female  abdomen  8-flpotted. 
*pa»coeruis  Cockerell,  1903.    Pasco, Washington  State,  May  25  (Eincaid).    Tab.  4,  5. 

A  variety  occurs  in  Los  Angeles  County,  Califomia. 

Type.—CnU  No.  13187,  U.S.N.M. 
*peoo$enii»  Cockerell,  1903.   Pecos,  New  Mexico,  June26  (W.  P.  Cockerell).  Tab.  1, 5, 

Described  as  a  variety  of  N.  xanthophila. 

2Vp«.— Cat.  No.  13185,  U.S.N.M. 
pennigera  (Cockerell,  1894.    Mesilla  Valley,  New  Mexico.    Tab.  1. 
*perbella  Viereck,  1905.    Corvallis,  Oregon  (Cordley).    Subg.  Gnathias. 

Closely  related  to  N.  bella.    Also  in  British  Columbia. 

Para«yp(j.--Cat.  No.  13330,  U.S.N.M. 
perivincta  Cockerell,  1905.    Colorado.    Tab.  1. 
^perivincta  Cockerell,  var.  B.  Cockerell,  1911.    Colorado. 
perivincta  aemirufula  Cockerell,  1905.    Colorado.    Tab.  1. 

*perpl€xa  Cresson,  1863.    "  Mass. ,  Conn. ,  Pa. ,  Del. "    Tab.  9.    Subgenus  Onatkias. 
perplexans  Cockerell,  1910.    Pullman,  Washington  (W.  M.  Mann).    Subg.  Gnaikias, 
phygiira  Cockerell,  1903.    Nevada.    Tab.  9. 
^pilosula  Cresson,  1878.    New  York. 

Belongs  to  the  genus  Vtereekella, 

Plummers  Island,  Maryland,  July  5, 1909  (J.  C.  Crawford). 
*placida  Cresson,  1863.    Pennsylvania.    Tab.  12. 
^placitenM  Cockerell,  1903.    Placita,  New  Mexico,  May  (Cockerell).    Tab.  1. 

Female  about  10  mm. 

Type.—C8i,t.  No.  13176,  U.S.N.M.  ^  , 
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provaniheri  Dalla  Torre,  1896. 
proxima  Orbbson,  1863.    Maine. 

Allied  to  N.  vicma. 
pseudops  GoGKERBLL,  1905.    Milwaukee,  Wiscoiiflin  (Graenicher). 

Female  about  9  mm.;  red,  with  black  and  yellow  markings.    Looks  much  like 
N,  coloradensis. 
puMella  Smith,  1854.    "  North  America. ' ' 
*pulsaHU«  CocKERELL,  1906.    Boulder,  Colorado,  April  20  (Gockerell).    Tab.  11. 

Female  red  and  black,  with  no  yellow  anywhere. 
punctata^provanchen  Dalla  Torre. 

A  Canadian  species  has  been  cited  as  punctata  Fabricius,  but  there  is  no  species  of 
this  name  described  by  Fabricius;  N.  punctata  Lepeletier  is  Algerian.    Provan- 
cher  says  the  scutellum  has  a  spine  on  each  side.    Dalla  Torre  renames  this 
pravanchen. 
putinami  Cresson,  1876.    Spring  Lake,  Utah  (J.  D.  Putnam).    Tab.  10. 
*pygm«a  Cresson,  1863.    Connecticut. 

Male  with  dypeus,  a  spot  above  it,  labrum,  mandibles,  and  &ce  narrowly  on  each 
side  of  clypeus,  yellow;  orbits  ferruginous.    Viereck  examined  Cressoii's  type 
and  found  mandibles  simple. 
rhodalis  Cockerell,  1903.    Nevada.    Tab.  9. 
rhodoTndas  Cockerell,  1903.    Corvallis,  Oregon  (Cordley).    Tab.  9. 
*rhodo9oma  Cockerell,  1903.    Santa  Cruz  Mountains,  Cdifomia.    Tab.  4. 

Close  to  N.  erythrsea. 

Type.— CaI.  No.  13167,  U.S.N.M. 
^rhodoaoma  rhodoaomeUa  Cockerell,  1903.    Colorado  (Morrison). 

Type,—C&t  No.  13161,  U.S.N.M. 
rhodotricha  Cockerell,  1903.    S.  California.    Tab.  4. 

Thorax  with  bright  ferruginous  hair. 
rhodoxaniha  Cockerell,  1905.    Colorado. 
ridingm  Cresson,  1878.    Colorado  (J.  Ridings).    Tab.  1, 10. 

Allied  to  N.  piitnami. 
*nvali8  Cresson,  1878.    California  (H.  Edwards,  Behrens).    Tab.  5. 

For  characters  see  Cockerell,  Proc.  U.  S.  Nat.  Mus.,  vol.  39, 1911,  p.  651. 
TohertaoneUa  Cockerell,  1903.    Nevada. 

Resembles  N.  erythrsea. 
*rohvfer%  Cockerell,  1906.    Near  Lake  George,  Colorado,  Jime  18  (Rohwer). 

Allied  to  N.  snowi. 
ru6uM^7u2a  OuvER,  1811.    Carolina.    Tab.  10. 
rubra  Provancher,  1888.    Los  Angeles,  California. 

Name  preoccupied;  =erythrssa. 
rubrella  Cockerell,  1905.    Fort  Collins,  Colorado  (Mrs.  Laura  Titus).    Tab.  1. 

Subgenus  Gnatkias. 
*rybrioa  Provancher,  1896.    Los  Angeles,  California  (Coquillett).    Tab.  4. 

Variety:  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  570. 
*n{ficom%B  LiNNEiBUB,  1758.    Europe. 

Supposed  ruficomU  in  Maryland;  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  614. 
*ruido9en8U  Cockerell,  1903.    Ruidoeo  Creek,  New  Mexico  (Wooton).    Tab.  1. 

Variation:  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  22  (1906),  p.  438.    Also  in  Colorado. 

2V/«.— Cat.  No.  13175,  U.S.N.M. 
mdiciB  Robertson,  1900.    Illinois  (Robertson)     Tab.  2, 12. 
^ionctsMrucU  Cockerell,  1903.    Santa  Cruz  Mountains,  California.    Tab.  4,  5. 

2V/«.-0at.  No.  13179,  U.S.N.M. 
*tayi  Robertson,  1893.    Illinois.    Tab.  1, 12. 

New  description:  Canad.  Ent.,  1900,  p.  293. 

Distribution:  Proc.  Acad.  Nat.  Sci.  Phila.,  1903,  p.  605. 


Digitized  by 


Google 


284  PB00SSDING8  OF  THE  NATIONAL  MU8BUM,  tol.41. 

^sditoarri  Cockbrell,   1903.    Veta  Pass,   Colorado,  June  28.    Tab.   1,   9.  .Subg. 
Cfnatkias. 

Allied  to  N,  bella  and  cuneata. 

2Vp«— Cat.  No.  13164,  U.S.N.M. 
^schwarzi  conircuAtLla  Gockbeell,  1903.    Beulah,  New  Mexico  (Gockerell).    Tab.  1,  9. 
Subg.  Gnathias, 

2Vp«.-0at.  No.  13134,  U.S.N.M. 
*9eUa  Crssson,  1878.    Colorado  (Morrison).    Tab.  7,  8, 10. 

Related  to  N.  articulata. 
*acittformis  Cockxbbll,  1903.    Corvallis,  Oregon,  June  (C<vdley).    Tab.  7, 10. 

Paratype.—C&t.  No.  13160,  U.S.N.M. 
*»em%9cUa  Cockxrell,  1904.    Proepect  Lake,  Colorado  Springs,  Colorado,  May  22 
(T.  and  W.  Cockerell). 

Allied  to  N.  aeUiformU. 
*9em%8uavia  Cogkbrbll,  1910.    Wawawi,  Washington  (W.  M.  Mann).    Subg.  Miaro- 
nofnadcL, 

Female:  Cockerell,  Proc.  U.  S.  Nat.  Mus.,  vol.  39, 1911,  p.  658.    Also  in  California 
^ridxfldm  CooKBRBLL,  1898.    Meeilla,  New  Mexico  (Cockerell).    Tab.  1. 

Described  as  a  variety  of  N,  pennigera. 

2Vp«.— Cat.  No.  5821,  U.S.N.M. 
simplex  Robertson,  1902.    Illinois.    Tab.  2, 12. 

In  1897  Robertson  recorded  this  as  the  female  of  N.  heUa. 
akinneri  Cocebrell,  1908.    Lehigh  Gap,  Pennsylvania,  June  30  (Viereck). 

Group  of  N,  depreua, 
*inomi  Cresson,  1878.    Colcnrado  (F.  H.  Snow,  Morrison).    Tab.  1,  10. 

Female  with  clypeus  ferruginous,  lateral  face-marks  white. 
*9ophiarum  Cockerell,  1903.    Mesilla  Park,  New  Mexico,  April  16  (Cockerell). 
Tab.  1,  8, 10. 

2Vp« —Cat.  No.  13182,  U.S.N.M. 
aphssrogaater  Cockerell,  1903.    Riverton,  New  Jersey,  April  (Viereck). 
♦•warn*  Cresson,  1878.    "California  (Behrens);  Or^on  (H.  Edwards).**    Tab.  8. 
*9yJ}accepta  Cockerell,  1907.    Florissant,  Colorado  (Rohwer).    Subg.  GnatkUu, 

In  Tab.  1  runs  to  N.  vicinaliSf  but  differs  (male)  by  its  smaller  size,  base  of 
metathoraxwith  distinct  though  delicate  longitudinal  ridges,  absence  of  yellow 
on  first  abdominal  segment,  etc. 

Paro<yp«.— Oat.  No.  13667,  U.S.N.M. 
*8ubangtista  Cockerell,  1903.    S.  California.    Tab.  4. 

Type.-O&t.  No.  13163,  U.S.N.M. 
8ubgracil\8  Cockerell,  1903.    California.    Tab.  4. 

Belongs  to  subgenus  Phor. 
gubruHla  Lovell  and  Cockerell,  1905.    Maine  (Lovell).    Tab.  11. 

Also  in  Colorado.    See  Ann.  and  Mag.  Nat.  Hist.,  July,  1906,  p.  69. 
*9ub8imili8  Cockerell,  1903.    Los  Angeles  County,  California,  Feb.  (Coquillett). 
Tab.  4. 

Perhaps  a  subspecies  of  N.  civilis. 

Type.-O&t,  No.  13178,  U.S.N.M. 
♦ntfrvicinoZw  Cockerell,  1903.    S.  California.    Tab.  4. 

!ZVp«.— Cat.  No.  13169,  U.S.N.M. 
8uda  Cresson,  1879.    Nevada  (Morrison). 
gulphurata  Smith,  1854.    Georgia.    Tab.  5. 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  311. 
*8up€rba  Cresson,  1863.    Pike's  Peak,  Colorado.    Tab.  1,  12. 
*taraxacella  Cockerell,  1903.    Placita,  New  Mexico  (Cockerell).    Tab.  1. 

Allied  to  N,  tiZttma. 
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*texana  Crbsson,  1872.    Texas  (Belfrage;  Boll.)    Tab.  10. 

2Vpe.--Cat.  No.  1762,  U.S.N.M. 
tUnaliB  Gbbsson,  1865.    Cuba  (Poey). 
tifUmenns  Gockbrbll,  1903.    Tilton,  Geoigia.    Tab.  10. 

Allied  to  N.  modesta, 
*tintinnabulum  Cockebell,  1903.    Santa  Cruz  Moimtaiiui,  California.    Tab.  4. 

7Vp«.-<3ttt.  No.  13177,  U.S.N.M. 
torrida  Smith,  1854.    Georgia. 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  310. 
truttarum  Cockebell,  1909.    Trout  Spring,  Gallinas  Canyon,  New  Mexico,  May 
(Cockerell). 

In  Tab.  1  runs  to  N,  vidndlisj  from  which  it  (male)  differs  by  the  large  lateral  face- 
marks,  first  abdominal  segment  without  yellow,  etc. 
uhUri  Cockebell,  1905.    Fort  Collins,  Colorado  (Titus).    Tab.  1. 
ulHma  Cockebell,  1903.    Corvallis,  Oregon  (Cordley).    Tab.  6. 

Also  in  California,  at  Palo  Alto. 
uUimella  Cockebell,  1903.    S.  California.    Tab.  4. 

Similar  to  N,  erythrsMi  and  N,  ultima, 
tmdulaticomis  Cockebell,  1906.    Boulder,  Colorado,  April  20  (W.  P.  Cockerell). 

Male  in  Tab.  1  runs  to  62,  but  runs  out  because  of  the  rather  smaUer  size  and  red 
on  scutellum. 
*valida  Shith,  1854.    Nova  Scotia. 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  310. 
vailenna  Cockebell,  1906.    Las  Yalles,  New  Mexico,  April  20  (Cockerell). 

Female  8)  mm.;  head,  thoiax,  and  legs  bright  ferruginous,  without  yellow,  except 
that  the  postscutellum  is  a  sort  of  dull  orange  (black  at  extreme  sides),  but  there 
are  black  markings;  abdomen  with  broad  lemon-yellow  bands.    YisitB  wild  plum. 
*vegana  Cockebell,  1903.    Las  V^;as,  New  Mexico  (A.  (larlick).    Tab.  1,  8,  10. 

Very  close  to  N,  modesta;  clypeus  of  female  ferruginous. 
vegana  nitucens  Cockebell,  1905.    Fort  Collins,  Colorado  (Titus).    Tab.  1. 
*verecunda  Cbesson,  1879.    Nevada  (Morrison).    Tab.  8. 

''  Easily  recognized  by  the  black  annulus  on  posterior  tibiae  and  immaculate  meta- 
thorax"  (Cresson). 
vefpi/ormu  F5BSTEB,  1771.    "North  America;  Europe.'* 

A  species  not  ^^ognized  by  modem  writers. 
*vexator  Cockebell,  1909.    Troublesome,  Colorado,  June  (Rohwer). 

PoHrfype.— Cat.  No.  12285,  U.S.N.M. 
vibumi  Robeetson,  1897.    Illinois  (Robertson). 

Only  two  submarginal  cells. 

Same  as  N.  ohliterata. 
*vicina  Cbesson,  1863.    "Connecticut;  New  York." 
vidnalU  Cbesson,  1878.    Colorado  (Morrison).    Tab.  1,  3. 

Related  to  iV.  civilis. 
vicinalis  aldrichi  Cookebell,  1910.    Moscow,  Idaho. 

vicinalis  infrarubena  Cockebell,  1905.    Corvallis,  Oregon  (Cordley).    Tab.  3. 
*victrix  Cockebell,  1911.    Victoria,  Texas  (A.  J.  Leister).    Has  only  two  submargi- 
nal cells. 

IVpe.— Cat.  No.  13436,  U.S.N.M. 
^vierecki  Cockebell,  1903.    Juarez,  Mexico,  M^y  12  (Cockerell).    Tab.  1,  8,  10. 

Also  in  Mesilla  Valley,  New  Mexico. 

2V?«.— <3at.  No.  13162,  U.S.N .M. 
*vineta  Say,  1837.    Indiana  (Say).    Tab.  1,  5, 12. 
vinniUa  Cbesson,  1&79.    Nevada  (Marrison). 
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vUicolUs  Cresson,  1878.    Mexico  (Suzoichiast). 

Female  meeotliorax  black,  with  four  longitutinal  yellow  lines. 
volaUUs  Smith,  1879.    Canada. 

Notes  on  type;  Trans.  Amer.  Ent.  Soc.,  vol.  31,  p.  312.    Subg.  Oriathiai. 
washingtoni  Cocxersll,  1903.    Washington  State.    Tab.  9. 
*wheelen  Cockerell,  1903.    Texas  (Belfr^).    Tab.  10. 

Type.-^&t.  No.  13170,  U.S.N.M. 
*wheelen  engelmdnnise  Cockerell,  1911.    Dallas,  Texas  (W.  S.  Pierce). 

Also  in  Kansas. 

Type.— Ct^t.  No.  13432,  U.S.N.M. 
wooUmella  Cockerell,  1909.    Mesllla  Park,  New  Mexico  (Cockerell). 

Visits  Sophia  in  April.    Allied  to  N.  sayi, 
*xantholepis  Cockerell,  1911.    Los  Pinos,  Colorado  (Carl  F.  Baker). 

Type.—CtLt.  No.  14022,  U.S.N.M. 
xarUhopMla  Cockerell,  1900.    Las  Vegas,  New  Mexico  (W.  Porter).    Tab.  1. 

Resembles  N.  tuperba. 
xanthwra  Cockerell,  1908.    Sea  Cliff,  Long  Island,  New  York  (N.  Banks). 

Allied  to  N.  denticulata. 
*uhrata  Cresson,  1878.    "Colorado;  Kansas  (Ridings)."    Tab.  1,  5. 

''The  male  of  this  species  is  readily  distinguished  by  the  short  dilated  scape" 
(Cresson). 

ADDITIONAL  NOTES  ON  BEES  OF  THE  GENUS  NOMADA. 
(The  material  dlscassed  below  iB  In  the  U.  S.  National  MuBeum.] 
SPECIES  FROM  COLORADO. 
NOICADA  (ZAITTHIDIUM)  PBRIVZNCTA  Codcerall,  vu.  b. 

Female. — ^Length  fully  11  mm.;  first  abdominal  segment  broad; 
mandibles  yellow,  piceous  at  apex;  clypeus  all  yellow;  posterior  orbi- 
tal margins  largely  yellow;  third  and  fourth  antennal  joints  the  same 
light  red,  third  much  shorter  than  fourth;  black  disk  of  mesothorax 
with  two  broad  red  bands;  scutellum  strongly  bilobed;  patch  on 
lower  part  of  pleura  all  red;  legs  with  much  yellow,  the  general  effect 
being  yellow  flushed  with  red,  the  hind  femora  and  tibisB  largely  black 
behind;  tegulsB  yeUow,  suffused  with  red  posteriorly;  apices  of  first 
four  abdominal  segments  with  reddish-black  bands;  first  ventral  seg- 
ment red,  with  a  trilobed  yellow  mark;  bases  of  third  to  fifth  segments 
rufopiceous;  third  s.  m.  very  broad  below,  greatly  narrowed  above; 
b.  n.  going  a  little  basad  of  t.  m.  Differs  from  N.  svlphurcUa  Smith  by 
having  third  antennal  joint  the  same  color  as  fourth;  stripes  on  disk 
of  mesothorax  red  and  broad  (yellow  and  narrow  in  svXpJiuraia) ;  and 
the  greater  amount  of  yellow  on  abdomen.  Differs  from  N.  citrina 
Cresson  by  the  absence  of  black  on  the  anterior  and  middle  legs 
(though  the  middle  tibiae  have  a  fuscous  patch  behind),  and  the 
large  amount  of  red  on  legs;  iihe  square  face;  etc.  i 

One  from  the  Baker  collection,  labeled  "Colo.  2075."  N.  perivinda 
was  based  on  a  single  specimen  in  the  collection  of  the  Colorado  Agri- 
cultural College,  simply  marked  "Colorado."  Another  specimen  in 
the  same  collection,  also  marked  "Colorado,"  differed  w)  much  that 
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it  was  described  as  a  variety  semirufvJa.  The  present  insect  repre- 
sents another  variety,  more  approaching  N.  stUphurata,  but  it  does 
not  seem  worth  while  to  give  it  a  special  name.  It  seems  that  sul- 
phuraia  of  the  Eastern  States,  perivincta  of  the  Rocky  Mountains,  and 
citrina  of  the  California  region  are  very  closely  allied,  and  possibly 
only  subspecifically  distinct.    They  are  all  confusingly  variable. 

NOMADA  ACCBPTA  Cranon. 

A  male  in  Baker's  collection  labeled  "Colo.  1160"  was  marked 
accepta  by  Baker,  but  someone  crossed  this  out.  It  differs  from 
Cresson's  description  of  male  accepta  as  follows:  Upper  half  of  la- 
brum  and  base  of  mandibles  broadly,  cream-color;  tubercles  with  a 
large  cream-colored  spot;  pleural  patch  red  with  a  large  transverse 
cream-colored  mark.  I  possess  only  the  female  of  N.  accepta,  but 
after  careful  comparisons  I  feel  assured  that  the  male  is  correctly 
referred  to  it,  the  various  differences  noted  being  due  to  variation. 
In  my  table  of  Rocky  Mountain  Nomada^  this  runs  to  the  same  place 
as  the  female.    The  mesothorax  and  metathorax  are  entirely  black. 

NOICADA  (MICRONOlylADA)  VBGAIf  A  CockeralL 

Six  from  the  Baker  collection  from  Colorado,  with  numbers  1591, 
2325,  2096,  2098,  1081. 

NOICADA  CIVnJS  Cnmnu 

A  male  from  West  Cliff,  Colorado  (Cockerell);  marked /rokyiZw  by 
Ashmead,  and  recorded  as  such.' 

NOICADA  FRAOnJS  CraMon. 

Several  males  from  Fort  Collins,  Colorado,  1906,  collector  imknown; 
one  from  Baker,  labeled  "Colo.  2212." 

NOBiADA  (NOICADULA)  ARTICIILATA  DACOTANA  CodceralL 

Males;  Colorado  (Baker  2076);  Denver,  Colorado,  May  23,  1898 
(collector  not  given). 

nOlylADA  (NOMADULA)  MARTINELLA  CockarelL 

Male:  Berkeley,  Colorado,  May  18,  1898  (collector  unknown). 

NOICADA  (NOBiADULA)  VRIBSBANA  CockarelL 

Male. — ^Length  10  mm.;  superficiaUy  Uke  N,  articvlata  da^cotaruif 
with  the  same  red,  yellow-banded  abdomen,  but  the  light  band  on 
first  segment  with  a  spot  on  each  side,  and  the  apical  plate  entire;  it 
is  easily  distinguised  by  the  antenn»,  which  are  thick,  with  the  fourth 
joint  much  shorter,  the  fifth  with  a  prominent  sharp  spine;  the  tegulee 

A  BolL  M,  Colorado  Agric  Ezper.  Station.  a  Trans.  Amer.  Ent.  Soe.»  vol.  ao,  p.  839. 
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are  yellow.  Compared  with  N.  semiscita  this  is  laiger  and  more 
robust,  with  the  groimd-color  of  the  first  three  abdominal  segments 
bright  ferruginous,  the  postscutellum  yellow  or  orange,  and  very 
obscure  light  spots  on  the  axillsB  and  near  the  posterior  comers  of  the 
scutellum.  The  first  r.  n.  joins  the  second  s.  m.  in  the  middle,  and 
the  eyes  are  olive-green.  Venter  of  abdomen  clear  ferruginous,  spar- 
ingly marked  with  yellowish;  lateral  face-marks  rather  irregular,  but 
gradually  narrowing  above,  to  end  in  a  line  which  nearly  reaches  the 
top  of  the  eye;  hind  femora  blackened  behind,  but  in  front  only  at 
base. 

Berkeley,  Colorado,  Jime  10,  1897  (collector  unknown).  I  was 
about  to  describe  this  as  new,  but  on  close  comparison  with  N.Jrieseana 
female,  I  am  convinced  that  it  is  the  hitherto  unknown  male  of  that 
species. 

NOBiADA  TEXAlf  A  ( 


Two  females:  Colorado  (Baker  2095).  The  yellow  markings  are 
paler  than  usual. 

NOMADA  TARAXACSLLA  CockccelL 

Four  females:  Colorado  (Baker  2075).  One  is  quite  normal,  except 
that  the  face  is  broad;  the  other  three  lack  the  yellow  markings  at 
the  sides  of  the  abdomen,  and  the  lower  comers  of  the  face,  though  a 
little  pallid,  are  scarcely  yellow.  After  careful  comparison,  I  am 
convinced  that  they  are  all  one  species.  Eight  males,  also  with 
Baker's  No.  2075,  are,  I  think,  certainly  to  be  associated  with  them. 
These  males,  however,  can  not  be  easily  separated  from  N,  modocorum 
Cockerell.  N.  taraxaceUa  was  originally  described  as  a  subspecies  of 
N,  ultima  Cockerell.  The  types  of  N.  vUima  and  modocorum  both 
came  from  Corvallis,  Oregon,  and  I  now  believe  they  are  the  sexes  of 
one  species.  The  Rocky  Mountain  taraxcLcella  is  readily  separable  in 
the  female,  but  the  male  is  like  that  of  m/>docorumj  except  that  the 
hair  on  inner  side  of  hind  basitarsus  is  pale  fulvous,  and  the  third 
antennal  joint  is  relatively  shorter.  The  yellow  bands  along  sides  of 
face  may  be  swoUen  at  the  upper  end.  The  scutellum  varies  as  follows : 
(1)  All  black,  (2)  with  two  minute  red  spots,  (3)  with  two  large  red 
spots,  slightly  confluent,  (4)  with  two  smaU  yellow  spots. 

Two  female  taraxaceUa  are  labeled  ''Colo.  2179,"  from  the  Baker 
collection. 

NOICADA  8AYI  SotMrtmu 

Females:  Colorado  (Baker  1893);  Westclijffe,  Colorado,  at  flowers 
of  Erigeron  radicatus,  May  24,  1889  (T.  D.  A.,  Cockerell,  34).  The 
last  was  reported  in  the  Wet  Moimtain  Valley  list  as  N.  americana 
var.  valida.  These  are  best  distinguished  from  N,  taraxaceUa  by 
the  smooth  shining  abdomen,  without  the  satiny,  almost  purplish 
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luster  of  taraxacelia,  and  the  longer  third  antennal  joint.  The  Rocky- 
Mountain  sayi  is  not  quite  typical;  it  may  prove  to  grade  into  the 
Pacific  coast  N.  oregonica  Cockerell, 

NOMADA  MERA  CockeraU. 

Two  females  (Baker  2075  and  2212)  and  one  male  (Baker  2075) 
from  Colorado.  The  male,  which  has  not  been  described;  has  the 
following  characters:  Length  about  8  mm.;  head  and  thorax  with 
much  white  silky  hair;  clypeus,  supraclypeal  mark  (broader  than 
long),  lateral  face-marks  (filling  space  between  clypeus  and  eye, 
except  a  dark  stripe  along  sides  of  upper  part  of  clypeus,  narrowing 
above  antennsa,  and  passing  into  a  red  band  which  reaches  top  of 
eye),  labrum,  mandibles  (except  the  ferruginous  apical  part),  and 
front  of  the  thick  scape,  aU  pale  yellow;  fiagellum  bright  ferruginous, 
the  basal  half  black  above;  third  antennal  joint  about  half  as  long  as 
fourth;  mesothorax  dark  red  with  a  broad  median  black  band,  and  black 
lateral  margins;  scutellum  nearly  all  bright  red;  sides  of  metathorax 
with  much  white  hair;  metathorax  all  black;  pleura  with  a  small 
obscure  red  spot;  tubercles  yellowish  red;  upper 'border  of  prothorax 
red;  tegul»  light  yellowish  testaceous;  legs  bright  ferruginous,  with- 
out yellow;  hind  femora  strongly  blackened  beneath;  hind  basitarsus 
with  a  dark  streak;  abdomen  colored  and  marked  practically  as  in 
female;  apical  plate  strongly  notched.  In  Robertson's  table ^  this 
runs  nearest  to  N,  cresonii  Robertson.  The  female  is  easily  separated 
from  N.  cymbalarisR  Cockerell  by  the  abundant  white  hair  at  the  sides 
of  the  metathorax. 

Female  N.  mera  was  also  taken  at  Boulder  Falls,  Boulder  County, 
Colorado,  May  23, 1908  (Hite) . 

NOMADA  CRAWFORDI  CockttvIL 

Berkeley,  Colorado,  female,  June  10, 1897  (collector  unknown).  In 
1907  Mr.  S.  A.  Rohwer  took  this  species  at  flowers  of  ArUennaria 
microphyUa,  Florissant,  Colorado,  June  15,  two  males;  and  at  flowers 
of  DrymoccMis  fisshf  Topaz  Butte,  Colorado,  June  23. 

NOldADA  XANTHOLBPIS,  new  speciM. 

Male. — Length  Hi  mm.  or  rather  more,  anterior  wing  nearly  9 
mm. ;  black  and  yellow,  the  legs  red  and  yellow,  pubescence  a  rather 
sordid  white;  head  broad,  facial  quadrangle  broader  than  long;  eyes 
pale  greenish-gray;  labrum,  mandibles  except  apex,  sides  of  face, 
clypeus  and  nearly  square  supraclypeal  mark,  all  bright  yellow;  a 
small  dark  spot  on  each  side  of  clypeus,  contiguous  with  a  round  spot 
beyond  the  suture;  a  black  band  along  each  side  of  supraclypeal  mark 
and  upper  part  of  clypeus,  the  broad  lateral  areas  otherwise  aU  yellow, 
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the  yellow  ending  in  a  point,  away  from  the  orbit,  a  short  distance 
above  the  antenna;  lower  half  of  posterior  orbital  margins  broadly 
yellow;  scape  thick,  very  broadly  yellow  in  front;  flagellum  long 
(reaching  postscutellum)  and  thick  but  normal,  black  above  except 
at  apex,  broadly  bright  ferruginous  beneath;  third  antennal  joint 
much  shorter  than  fourth;  mesothorax  black,  densely  and  coarsely 
punctured ;  metathorax  aU  black ;  upper  border  of  pro  thorax,  tubercles 
and  coarsely  punctured  tegulse,  bright  yellow;  scutellum  bigibbous, 
with  two  very  large  contiguous  round  patches,  ferruginous  suffused 
with  yellow;  postscutellum  with  a  short  band  of  the  same  color; 
pleura  with  a  broad  angular  (rather  L-shaped)  yellow  patch  in  front, 
a  reddish-yellow  spot  near  the  middle  of  the  upper  part,  and  a  smaU 
spot  near  the  lower  end  posteriorly;  legs  red  marked  with  yellow,  and 
with  the  anterior  tibiae  in  front,  and  the  outer  side  of  the  hind  basi- 
tarsi,  aU  yellow;  wings  strongly  yellowish,  dusky  at  apex;  b.  n.  a 
little  basad  of  t.  m.;  second  s.  m.  broad  below,  receiving  first  r.  n. 
about  middle;  stigma  and  nervures  clear  ferruginous;  abdomen 
broad,  bright  yellow,  basal  half  of  first  segment  black,  and  a  triangu- 
lar red  lobe  projecting  from  the  black  in  the  middle,  reaching  the 
middle  of  the  yellow  band;  hind  margins  of  segments  reddish  sub- 
hyaline,  and  extreme  bases  black;  apical  plate  large,  shallowly  emar- 
ginate;  venter  yellow,  only  the  basal  part  darkened. 

Habitat. — ^Los  Pinos,  Colorado,  at  flowers  of  Erigeron,  May  22,  1899 
(Cari  F.  Baker). 

Type.— CAt.  No.  14022,  U.S.N.M. 

In  my  table  of  Rocky  Mountain  Nomada  this  runs  to  47,  differing 
from  N.  superba  by  the  notched  apical  plate.  The  following  table 
brings  out  its  relationships  with  the  species  running  to  the  same 
point  in  the  1903  table: 

Large  and  robust;  metathorax  with  an  obtuse  projecting  angle  on  each  side;  post- 
Bcutellum  all  black;  hind  maigins  of  abdominal  segments  black  (male). 

tuperba  Cresson. 
Smaller;  metathorax  without  such  angles 2 

2.  Outer  nervures  dark  fuscous;  first  r.  n.  joining  second  s.  m.  far  beyond  middle; 

scutellum  with  lai^  yellow  spots;  postscutellum  with  a  yellow  band;  hind 

maigins  of  first  four  abdominal  segments  black  (female) mimula  Cockerell. 

Outer  nervures  ferruginous  or  light  brown:  first  r.  n.  usually  joining  second  s.  m. 
about  middle  (beyond  in  craw/ordi) 3 

3.  Legs  red,  strongly  marked  with  yellow;  postscutellum  with  a  light  mark;  lateral 

face-marks  very  broad  above xantholepis  Cockerell. 

Legs  red,  not  or  hardly  at  all  marked  with  yellow;  postscutellum  all  black 4 

4.  Lateral  face-marks  broad  above craw/ordi  Cockerell. 

Lateral  face-marks  narrow  above ednx  Cockerell. 

N,  xantholepis  is  a  typical  member  of  the  subgenus  Xanthidium 
Kobertson.  Superficially,  it  looks  very  much  like  N.  civUis  Cresson. 
In  the  table*  it  runs  out  next  to  N.  sanctsecrucis  Cockerell. 


1  Proc  AiOad.  Nat.  Sd.  PhilAn  1W8,  p.  680. 
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NOMADA  (ONATHIAS)  BBLLA  Cnmoo. 

Females:  Bear  Creek,  Colorado,  July  7,  1897  (collector  unknown); 
Colorado  (Baker  884). 


NOMADA  (ONATHIAS)  CU8TBRIA2VA,  IMW  i 

Male. — ^Lengih  a  little  over  6  mm. ;  head  and  thorax  black,  rugoeo- 
punctate,  with  long  white  hair,  dense  and  silvery  on  face;  head  trans- 
versely oval;  eyes  pale  greenish-grey,  their  distance  below  at  least 
as  great  as  the  length  of  an  eye;  mandibles  ferruginous,  strongly 
bidentate  at  end;  the  linear  malar  space  also  ferruginous,  but  tegu- 
ment of  labrum,  clypeus,  and  all  the  rest  of  head  entirely  black;  an- 
tennas reaching  base  of  metathorax;  scape  black;  flagellum  bright 
ferruginous,  the  upper  surface  black  above  and  flattish  on  the  basal 
half,  on  the  apical  half  not  quite  so  dark,  though  strongly  infuscated; 
third  antennal  joint  much  shorter  than  fourth,  fourth  about  as  long 
as  last;  thorax  entirely  black;  tegul»  large,  punctured, rufopiceous; 
stigma  and  nervures  ferruginous;  b.  n.  going  only  a  very  little  basad 
of  t.  m.  (unusual  venation  for  a  Onathias) ;  second  s.  m.  broad,  receiv- 
ing first  r.  n.  about  middle;  third  s.  m.  extremely  broad,  but  nar- 
rowed to  about  a  fifth  of  its  length  above;  legs  black  basally,  with 
the  knees  broadly,  the  tibi»  and  tarsi  chestnut  red;  anterior  and  mid- 
dle tibiee  with  a  dusky  suffused  patch  on  outer  side;  abdomen  dark 
red.    The  first  segment  black  at  base,  the  black  gradually  melting 
into  the  red;  segments  2  to  6  with  cream-colored  bands,  on  2  very 
broad,  interrupted  by  red  in  middle,  on  3  narrower,  also  interrupted 
by  red,  on  4  with  a  linear  median  interruption,  but  a  very  broad  one 
on  each  side;  on  5  and  6  continuous  in  the  middle,  but  failing  laterally; 
apical  plate  long,  notched;  venter  chestnut  red,  nude,  except  for  a 
large  apical  tuft  of  hair. 

Bahitat.— West  Cliff,  Colorado  (T.  D.  A.  Cockerell).  Labeled  by 
Doctor  Ashmead  Nomada  paccUa  Cresson,  a  species  to  which  it  is  not 
allied,  although  the  markings  of  the  abdomen  are  very  like  those  of 
pacata.  Among  the  small  species  of  GncUhicLs  it  will  be  readily  known 
by  its  wholly  dark  face  and  the  venation. 
Type.—CeLt.  No.  14023,  U.S.N.M. 

In  the  Transactions  of  the  American  Entomological  Society,^ 
JV.  parata  Cresson  is  recorded  from  West  Cliff,  but  not  pacata.  I  am 
practically  certain  that  N.  custeriana  is  one  of  the  specimens  cap- 
tured May  19,  1889,  of  which  I  have  a  note  that  the  size  was  small 
and  the  thorax  black.  This  was  determined  at  the  time  by  Doctor 
Ashmead  as  N.  parata,  and  was  the  basis  of  the  record  just  cited. 

The  specimens  labeled  "West  Cliff,  Col."  m  the  U.  S.  National 
Museum,  from  the  Ashmead  collection,  are  all  of  my  collecting, 
though  this  is  not  stated  on  the  labels.    So  far  as  the  aculeate  Hymen- 

t  Vol.  90,  p.  889. 
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optera  ore  concerned,  I  fear  the  Wet  Mountain  Valley  list  in  the 
TVansactions  of  the  American  Entomological  Society^  must  be  con- 
sidered very  unreliable,  but  the  records  can  be  checked  with  the  speci- 
mens in  the  National  Museum. 

SPECIES  FROM  ARIZONA. 
llOMADATEZANA< 


Eight  males  and  three  females  from  the  Baker  collection,  labeled 
Arizona,  with  Nos.  2122  and  2123. 

NOICADA  (ZAirrmDnf^  ASIZOmCA.  new  ipadat. 

Male, — ^lisngth  9  mm.  or  rather  more;  yellow,  black,  and  red,  with 
scanty  white  pubescence;  eyes  pale  green;  facial  quadrangle  about 
square;  face  below  antennsd  all  lemon  yellow,  except  that  it  is  slightly 
suffused  with  red  above,  and  there  is  a  dusky  band  down  each  side  of 
supraclypeal  area  and  halfway  down  margin  of  clypeus;  lateral  face- 
marks  ending  broadly  but  suffusedly  a  little  above  level  of  antennsd; 
a  pale  red  posterior  orbital  band,  extending  over  top  of  eye,  its  lowei^ 
most  part  changing  to  yellow;  labrum  yellow;  mandibles  yellow  at 
base,  red  in  middle,  dark  at  apex;  scape  stout,  bright  yellow,  with  a 
black  band  behind;  flagellum  blackened  above,  except  the  first  joint, 
beneath  clear  ferruginous,  with  the  last  three  joints  dusky;  third 
antennal  joint  hardly  over  half  length  of  fourth;  meso thorax  densely 
rugosopunctate,  black  with  red  lateral  suffusion  and  sublateral  bands, 
the  axillse  also  red;  scutellum  and  postscutellum  bright  yellow;  upper 
border  of  pro  thorax  and  tubercles  yellow;  pleura  with  a  very  broad 
yellow  band,  having  an  upward  broad  extension  in  front;  above  and 
below  this  band  it  is  red,  but  black  just  below  the  wings;  meta thorax 
broadly  black  in  middle,  with  a  broad  red  band  on  each  side,  invad- 
ing inclosure,  and  having  on  its  lower  part  a  large  yellow  spot;  tegulse 
bright  ferruginous;  wings  clear  hyaline,  dusky  at  apex  and  in  mar- 
ginal cell;  stigma  ferruginous,  nervures  rather  light  brown;  b.  n. 
meeting  t.  m.;  first  r.  n.  joining  second  s.  m.  a  little  beyond  middle; 
third  s.  m.  very  broad  below;  legs  bright  ferruginous,  with  the  apical 
half  of  anterior  femora  below,  their  tibisB  in  front,  spots  on  coxsa  and 
trochanters,  middle  and  hind  femora  at  apex,  yellow,  hind  femora 
and  tibisB  strongly  blackened  behind;  outer  side  of  hind  tibisB  tuber- 
culate;  abdomen  not  very  broad,  bright  yellow  with  the  hind  mar- 
gins of  the  segments  reddish,  and  the  extreme  bases,  as  far  as  the 
fifth,  black;  the  base  of  the  second  is  black  margined  with  red,  and 
with  a  yellow  streak  on  each  side  at  extreme  base;  first  segment  con- 
spicuously narrower  than  second,  red  at  extreme  base,  tiben  with  a 
broad  black  band,  edged  posteriorly  with  red,  then  with  an  irregular 
but  not  broken  yellow  band,  with  a  posterior  subdorsal  red  emargina^ 
tion  on  each  side,  the  broad  hind  margin  of  the  segment  dusky,  very 
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finely  pubescent;  apical  plate  strongly  notched;  venter  yellow,  with 
broad  black  bands  at  bases  of  second  and  fourth  segments. 

HaMtat. — ^Arizona,  from  the  Baker  collection,  wi£h  No.  1856. 

7Vi>e.— €at.  No.  14024,  U.S.N.M. 

Distinguished  among  male  Xanthidium  by  the  red  markings  on  the 
mesothorax.  In  the  table  of  Rocky  Mountain  species  it  runs  to  N. 
perivincta  CockereU,  the  male  of  which  is  unknown,  but  from  analogy 
with  other  species  it  is  pr&ctically  certain  that  it  is  not  the  male  of 
perivincta.  There  is  evident  relationship  with  N.  drodi  CockereU,  but 
that  species  differs  by  the  broader  face,  black  postscutellum,  etc. 

NOICADA  OSBORlfl,  new  ^pedM. 

Male. — Length  about  6  mm. ;  head  and  thorax  black,  quite  densely 
clothed  with  entirely  white  hair;  mesothorax  with  large  strong  punc- 
tures, the  shining  surface  between  them  conspicuous  on  the  disk; 
scutellum  very  flat;  eyes  pale  olive-green;  facial  quadrangle  longer 
than  broad;  face  densely  covered  with  white  hair;  mandibles  simple, 
yellow  with  the  apical  part  ferruginous;  broad  band  beneath  eyes, 
labrum,  lower  half  of  clypeus  (with  an  upwardly  directed  angle  in 
middle),  and  narrow  lateral  face-marks  (ending  in  a  very  sharp  point 
at  about  level  of  antennse),  all  yellow;  scape  not  much  swollen, 
broadly  yellow  in  front;  flagellum  bright  ferruginous,  nearly  the 
basal  half  infuscated  above;  third  antennal  joint  conspicuously  shorter 
than  fourth;  tubercles  and  a  small  mark  on  lower  part  of  pleura, 
almost  hidden  by  hair,  yellow,  thorax  otherwise  black;  tegulsB  pale 
yellowish  with  a  darker  spot;  wings  a  little  smoky,  darker  at  apex; 
stigma  dark  ferruginous,  nervures  fuscous;  b.  n.  goiog  just  basad  of 
t.  m. ;  second  s.  m.  receiving  first  r.  n.  in  middle;  third  s.  m.  nearly  as 
broad  above  as  second;  anterior  legs  light  ferruginous,  the  tibisB  dark 
behind,  and  yellowish  apicaUy  in  front;  middle  and  hind  legs  darker, 
strongly  infuscated  behind,  the  knees  and  apices  of  tibisa  yellow;  hind 
tibiflD  with  much  white  hair  behind;  abdomen  long  and  tapering, 
broadest  at  second  segment,  bright  chestnut  red,  with  very  obscure 
small  yellowish  spots  at  sides  of  second  and  third  segments;  a  broad 
yellow  band  on  sixth  segment,  not  reaching  sides;  first  segment  dark 
at  base,  and  dusky  on  apical  margin;  broad  apical  margins  of  segments 
very  thinly  clothed  with  white  hair;  apical  plate  notched;  venter 
red,  the  first  segment  with  a  cordiform  black  mark,  at  the  end  of 
which  is  a  patch  of  white  hair;  apical  ventral  tuft  of  white  hair  small. 

Habitat. — ^Tucson,  Arizona  (H.  Osbom). 

Type.— C^Jt.  No.  14025,  U.S.N.M. 

A  Nomada  s.  str.,  related  to  N.  vexator  CockereU,  but  smaller,  with 
differently  colored  tegul»,  the  darker  abdomen  with  much  less  yellow, 
etc.  In  the  table  of  Rocky  Mountain  Nomada  it  runs  to  66,  and  goes 
with  N.  vexator  in  a  new  division.  The  dorsum  of  thorax  shining 
between  the  punctures,  and  the  flattened  scutellum,  are  highly 
distinctiye. 
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[SCIENTIFIC  RESULTS  OF  THE  PHILIFPINE  CRUISE  OF  THE  FISHERIES 
STEAMER  "ALBATROSS,''  1907-10.— No.  12] 

NOTES  ON  SOME  FISHES  OF  THE  GENUS  AMIA,  FAAHLY 
OF  CHEn/)Dn>TERIDiE,  WITH  DESCRIPTIONS  OF  FOUR 
NEW  SPECIES  FROM  THE  PHILIPPINE  ISLANDS. 


By  Lbwis  Radcuffe, 

Seientifie  Asnstant,  U.  8.  Bureau  of  Fitherieg. 


In  identifying  the  large  series  of  CheilodipteridsB  collected  by  the 
U.  S.  Bureau  of  Fisheries  steamer  Albatross  on  the  Philippine  expe- 
dition,  it  was  found  that  much  confusion  had  resulted  from  the 
remarkable  similarity  in  color  pattern,  fin  f  ormulsd,  scaling,  and 
comparative  measurements  of  some  species  of  Amia.  In  the  present 
paper  a  small  group  of  striped  forms  most  in  need  of  revision  is 
dealt  with. 

The  measurements  herein  used  represent  the  ratio  between 
length  of  part  described  and  the  standard  length  from  tip  of  snout 
to  end  of  last  caudal  vertebra,  with  the  exception  of  eye,  snout, 
maxillary,  interorbital^  fins,  and  least  depth  of  caudal  peduncle, 
which  are  expressed  in  ratio  to  head  measured  from  tip  of  snout  to 
posterior  edge  of  opercle  (not  including  opercular  flap).  The  length 
of  caudal  peduncle  is  measured  between  the  verticals  drawn  at 
base  of  last  anal  ray  and  at  end  of  last  vertebra.  Even  when  the 
last  dorsal  and  anal  rays  are  cleft  to  base  they  are  still  counted  as 
single  rays.  The  scale  formula  indicates  the  number  of  scales  in  a 
transverse  row  from  insertion  of  dorsal  downward  and  backward  to 
and  including  lateral  line,  and  from  origin  of  anal  upward  and  for- 
ward to  lateral  line;  and  the  number  of  transverse  rows  above  the 
lateral  line,  between  upper  angle  of  opercle  and  end  of  last  caudal 
vertebra. 

XST  TO  CERTAIN  8TIUPBD  SPECIES  OF  AMIA  HEREIN  DESCRIBED. 

a}.  Body  with  three  to  five  broad  reddish  brown  or  slaty  black  stripes  on  each  side 
and  one  along  the  middle  of  the  back. 
6*.  Dorsal  spines  6. 
c^.  Body  deep,  compressed,  2.25  to  2.50;   eye  large,  2.2  to  2.4;   dorsal  yi-i,9; 
anal  u,9;  five  broad  lateral  stripes,  the  three  upper  extending  to  base  of 
caudal;  a  short  bar  from  upper  part  of  eye,  backward,  thence  upward,  merg- 
ing into  first  stripe  and  ending  on  tenth  scale  of  lateral  line comprasa. 

Proceedings  U.  8.  National  Mu8eum,  Vou  41— Na  1863. 
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6*.  Dorsal  spines  7  (dorsal  vn-i,9;  anal  n,8). 

d^.  Eye  small,  equal  to  snout,  3.50;  body  deep;  five  stripes,  the  second  merg- 
ing into  the  third  on  straight  portion  of  lateral  line;    fourth  and  fifth 

indistinct,  the  former  crossing  side  above  base  of  pectoral .fasciata, 

cP.  Eye  large,  less  than  3.50  in  head,  longer  than  snout;  body  relatively  slender. 

«*.  Stripes  wider  than  light  colored  interspaces,  the  three  upper  very  dark 

colored,  two  of  them  converging  to  meet  the  median  stripe  at  base  of 

caudal ^ arotibiengis. 

^,  Lateral  stripes  equal  to  or  narrower  than  interspaces,  not  connivent  at 
base  of  caudal. 
p.  Scales  strong,  ctenoid,  serrations  in  more  than  one  row,  25  scales  in 
lateral  line  to  end  of  last  caudal  vertebra;  soft  dorsal  and  anal  with 
black  bands  at  baae,  margin  sinuous.    Shore  fishes  of  moderate  size 
with  well  developed  stripes  of  reddish  or  olive  brown. 
g^.  Body  compressed,  its  breadth  behind  opercle  more  than  2.1  in  depth; 
lateral  stripes  narrower  than  light  colored  interspaces;  no  short  bar 
behind  eye. 
h}.  Stripes  dark,  two  of  them  converging  to  meet  middle  one  near  tip 
of  median  caudal  rays;  caudal  blotch  absent;  first  lateral  stripe 
separated  from  its  fellow  near  tip  of  snout  by  a  median  white 
line;  pectoral  base  black  or  very  dark  brown;  avdistinct  black 
bar  near  base  of  soft  dorsal  and  anal;    maxillary  short,  1.80- 

1.96 Tiovem/asciata. 

K^.  Stripes  light,  not  connivent  near  tips  of  caudal  rays;  caudal  blotch 
distinct;  first  stripe  united  with  its  fellow  near  tip  of  snout;  pec- 
toral base  not  noticeably  darker;  black  line  near  base  of  soft 
dorsal  and  anal,  narrow,  indistinct,  basal  portion  of  rays  white; 

maxillary  of  moderate  length,  1.75-1.79 angustata, 

g^.  Body  robust,  its  breadth  behind  opercle  1.9-2  in  depth;  stripes  of 
varying  width  but  approximately  equal  to  interspaces,  not  con- 
nivent on  caudal;  a  short  stripe  across  upper  fourth  of  eye,  below 
lateral  line  to  middle  of  side,  usually  uniting  with  stripe  below  it; 
first  lateral  stripe  united  with  its  fellow  near  tip  of  snout;   third 

stripe  crosses  upper  pectoral  base rohuita. 

p.  Scales  tiiin,  weakly  ctenoid,  serrations  on  apical  margin  in  a  single  row 
or  absent,  23  scales  in  lateral  line  to  end  of  last  caudal  vertebra;  soft 
dorsal  and  anal  without  black  basal  bands,  margins  rounded.  Fishes 
of  small  size,  variable  in  form  and  coloration,  commonly  occurring  in 

the  deeper  waters venicoloT, 

a'.  Body  with  numerous  (18  to  20  in  adult)  narrow  olive  green  stripes,  alternate 
stripes  broader  and  darker;  stripes  in  reduced  number  in  young,  similar  to  A, 
robusta  except  that  they  are  narrower  and  the  first  does  not  unite  with  its  fellow 
near  tip  of  snout multilineata, 

AMIA  COMPRSSSA  Smith  And  RadcUfle,  new  tpectei. 
Plates  20  and  21. 

Dorsal  vi-i,9;  anal  ii,9;  scales  34-6 — 25. 

Gleneral  form  subovate,  compressed;  head  2.98,  short,  deep;  body 
short,  deep,  strongly  compressed,  dorsal  and  ventral  surfaces  sym- 
metrical, depth  2.45;  caudal  peduncle  deep,  strongly  compressed, 
depth  1.64,  length  1.27;  eye  2.31,  very  large,  its  diameter  much 
greater  than  length  of  snout;  snout  3.93,  short  and  blimt;  mouth 
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moderate,  oblique,  lower  jaw  slightly  projecting;  maxillary  1.89, 
extending  to  vertical  from  posterior  border  of  pupil;  nostrils  small, 
widely  separated;  interorbital  3.60,  broad,  nearly  flat,  a  slight 
depression  on  either  side  of  median  ridge;  margin  of  preopercle 
strongly  serrate;  intramarginal  preopercular  crest,  subopercle,  inter- 
opercle  and  orbital  bones  smooth  or  with  traces  of  a  few  weak  den- 
ticulations;  scapula  toothed;  teeth  villiform,  in  bands  on  jaws, 
vomer  and  palatines;  tongue  narrow,  rounded,  free,  marginal  portion 
thin;  peritoneum  silvery  white. 

Scales  large,  regular,  of  quite  uniform  size,  deeper  than  long, 
basal  margin  truncate,  apical  margin  rounded;  basal  radial  folds 
rather  numerous,  about  15;  denticulated  area  on  apical  margin 
rather  narrow. 

Origin  of  dorsal  slightly  posterior  to  vertical  to  base  of  pectoral, 
spines  of  moderate  size;  first  spine  short  2.55  in  the  second,  which 
is  longest  and  strongest,  1.82;  origin  of  soft  dorsal  slightly  anterior 
to  origin  of  anal,  distal  margin  slightly  concave,  first  ray  longest, 
1.20;  caudal  forked,  shortened  outer  rays  pimgent,  spinelike;  second 
anal  spine  much  longer  than  the  first,  2.12;  first  ray  longest,  1.48; 
margin  of  fiji  concave;  ventrals  reaching  to  behind  vent,  1.64,  distal 
margin  roimded,  their  base  slightly  in  advance  of  verticfd  from 
pectoral  base;  pectoral  long,  narrow,  reaching  base  of  second  anal 
spine,  1.19. 

Color  in  alcohol:  Qroimd  color  dusky  silvery  white  with  brownish 
shades  dorsally  and  dusky  points  ventrally;  five  broad  dark  reddish 
brown  stripes  on  sides  and  one  along  the  middle  of  the  back;  the 
latter  extends  from  nape  to  origin  of  dprsal  where  it  divides,  reimiting 
behind  soft  dorsal  and  ending  at  base  of  caudal,  imder  dorsals  and 
on  caudal  peduncle  it  is  broken  up  into  a  series  of  blotches,  one  to 
each  scale,  becoming  indistinct  posteriorly;  the  first  lateral  stripe 
unites  with  its  fellow  on  middle  of  snout  and  extends  backward 
over  eye,  above  lateral  line  to  base  of  caudal;  a  short  bar  or  stripe 
crosses  upper  part  of  eye  and  extends  backward  four  scales  from 
opercle,  bends  sharply  upward  to  lateral  line,  its  upper  margin 
merging  into  the  first  stripe  and  ends  or  merges  into  the  first  stripe 
on  tenth  scale  of  lateral  line;  the  second  stripe  joins  its  fellow  on 
tip  of  snout,  extends  backward  through  middle  of  eye,  along  middle 
of  side  to  base  of  caudal  pedimcle;  two  short  bars  posterior  to  this, 
above  and  below  lateral  llhe  and  a  blotch  just  below  and  behind 
first  stripe;  the  third  imites  with  its  fellow  on  tip  of  mandible  and 
extends  along  lower  margin  of  eye  to  upper  pectoral  base,  then 
breaks  beginning  again  on  side  above  pectoral  and  extending  to 
base  of  caudal;  the  fourth,  narrower,  extends  from  axil  of  pectoral 
to  last  anal  ray;  the  fifth,  very  narrow,  extends  from  above  base 
of  ventrals  to  above  middle  of  anal;  a  slight  duskiness,  indicating 
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traces  of  a  sixth,  below  this;  head  dusky  brown  (in  adults  the  stripes 
on  anterior  part  of  head  merge  into  the  brown  and  are  practically 
indiscemable;  in  the  young  they  are  very  distinct) ;  spinous  dorsal 
dusky  brown;  soft  dorsal  dusky,  a  dark  brown  bar  near  base  to 
tip  of  last  ray;  caudal  dusky,  outer  rays  dusky  brown;  anal  similar 
to  soft  dorsal;  ventrals  dusky;  pectoral  hyaline. 

Color  in  life  of  a  specimen  8  cm.  in  length  from  Tataan,  Simaluc 
Island:  Alternate  dark  red  brown  and  silvery  stripes  on  body; 
fins  reddish  brown;  first  dorsal  dusky  anteriorly;  second  with  an 
indistinct  blackish  bar  at  base;  anal  with  a  similar  bar  but  distinct; 
snout  and  lower  portion  of  head  blackish. 

Color  in  life  of  a  specimen  8.6  cm.  in  length  from  Port  Uson,  west 
of  Pinas  Island:  Body  crossed  by  longitudinal  brown  stripes,  ap- 
proaching vermilion  below;  first  stripe  extending  along  base  of 
dorsal  composed  of  a  row  of  spots,  interspaces  olive;  lower  inter- 
spaces between  stripes  pearly;  throat  blackish;  breast  pink;  front 
of  dorsal  spines  with  golden  shades;  soft  dorsal  rays  pink,  a  duaky 
bar  at  base,  turning  upward  on  vertical  edge;  caudal  pick,  edges 
dusky;  pectoral  pink;  iris  with  sapphire  reflections. 

Color  in  alcohol  of  a  specimen  3.4  cm.  in  length  from  Balalo  Bay, 
Palawan  Island:  Median  dorsal  stripe  ending  at  base  of  last  dorsal* 
ray;  three  lateral  stripes  fading  out  on  middle  of  caudal  pedimcle; 
first  stripe  united  with  its  feUow  on  middle  of  snout;  short  bar  behind 
eye  indistinct,  not  continued  upward  to  first  stripe;  second  stripe 
united  with  its  feUow  on  tip  of  snout,  passing  backward  through 
middle  of  eye;  the  third  encircles  tip  of  lower  jaw,  touches  lower 
margin  of  eye  and  passes  backward  through  base  of  pectoral;  other 
stripes  not  apparent;  a  large  black  area  on  caudal  peduncle  at  base 
of  caudal;  a  narrow  brown  bar  near  base  of  soft  dorsal  and  anal; 
outer  caudal  rays  brown. 

This  species  is  easily  recognized  by  its  short  head,  large  eye,  deep, 
strongly  compressed  body,  the  number  of  dorsal  spines  and  anal  rays, 
and  distinctive  coloration. 

The  collection  contains  over  200  specimens  from  about  45  different 
localities  ranging  from  Port  Matalvi  on  west  coast  of  Luzon  and 
Quinalasag  Island  on  the  east  coast,  southward  throughout  the 
Philippine  Archipelago  to  Borneo  and  the  Moluccas.  The  largest 
example  is  10.7  cm.  in  length. 

Type.— Csit.  No.  68398,  U.S.N.M.,  10.2  cm.  in  length,  from  Bisucay 
Island,  Cuyos  Group,  taken  with  dynamite  April  9,  1909.  The 
figure  is  of  an  example  7.2  cm.  in  length  from  Tataan  Pass,  Tawi 
Tawi  Group. 
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AMZA  FASCIATA  (WHito). 
Plates  21  and  22. 

MuUus  fagdaiuB  White,  Journal  of  a  Voyage  to  New  South  Wales,  1790,  p.  268, 

fig.  1;  Port  Jackson. 
Apogon  fa8ciatU8  GUnthxr,  Catalogue  of  Fishes,  vol.  1,  p.  241,  1859  (part)— 

Maglbat,  Descriptive  Catalogue  of  Australian  Fishes,  vol.  1,  1881,  pp. 

43-44.— Tenison-Woods,  Fish  and  Fisheries  of  New  Soath  Wales,  -p.  14, 

1882.— Stead,  Fishes  of  Australia,  1906,  pp.  96,  107. 

Following  is  White's  original  description  of  this  species:^ 
MuUus  fasciatOB.    Mullus  subflaveecens  fasciis  longitudinalis  fuscis.    Pale  yellow 
Mullet  ^th  longitudinal  brown  bands.    Length  about  five  inches;  scales  laige. 

William  Macleay*  wrongly  places  Amia  fasdata  of  Sleeker  in  the 
synonymy  of  this  species  and  gives  the  following  description  of 
specinaens  from  type  locality: 

D.  7.  1/8.    A.  2/8.    L.  lat.  28. 

Height  nearly  half  of  the  length  without  taO;  space  between  the  eyes  much  smaUer 
than  the  diameter  of  the  orbit  and  much  channelled;  tail  slightly  emaiginate.  Colour 
brownish-red  with  ^\e  longitudinal  black  bands  on  each  side,  the  first  close  to  the 
back,  the  second  from  above  the  eye  to  the  upper  margin  of  the  tail,  the  third  along 
the  middle  of  the  side  and  extending  nearly  to  the  extremity  of  the  tail,  the  fourth 
from  below  the  eye  to  the  inferior  margin  of  the  tail,  the  fifth  along  the  belly  and 
more  or  less  indistinct;  there  is  also  a  black  bar  at  the  base  of  the  soft  dorsal  and  anal 
fins. 

Port  Jackson  and  Northern  Coast.    Length  five  inches. 

This  is  the  most  common  Port  Jackson  species  and  is  without  doubt  the  true  A, 
fatddtuSy  White,  but  I  doubt  its  identity  with  A.  aroubiensiSy  Hombr.  and  Jacquin., 
A.  endehataeniaj  Bleek.,  and  even  with  the  A.fcuciatus,  Gtknth.,  Joum.  Mus.  Godeff., 
Fish.  Sudsee,  Heft  I.,  tab.  20  a.  b. 

Stead  •  says  of  the  soldier  fish: 

It  is  a  pretty  little  species  with  laige  eyes  and  rough  scales  and  is  very  prettily 
striped  along  the  body— whence  its  name  of  ** soldier.*'  It  is  common  on  the  New 
South  Wales  Coastr— particularly  at  Port  Jackson — and  probably  occurs  on  portions 
of  the  Victorian  and  Queensland  coasts;  though  it  has  not  so  far  been  recorded  from 
these  places.  The  original  specimens  were  taken  from  Port  Jackson,  and  are  de- 
scribed in  White's  "Voyage  to  New  South  Wales"  before  referred  to. 

Description  of  a  gravid  female  in  the  United  States  National 
Museum^  10.2  cm.  in  length,  from  Port  Jackson,  New  South  Wales, 
fromMr.D.G.  Stead: 

Dorsal  vii-i,9;  anal  n,8;  scales  3  +  6 — 25. 

Greneral  form  subovate,  compressed;  head  long,  2.58;  body  deep, 
dorsal  and  ventral  surfaces  symmetrical,  depth  2.53;  caudal  peduncle 
relatively  short,  depth,  2.52,  length  1.50;  eye  small,  3.50;  snout,  3.50, 
long,  pointed,  as  long  as  eye;  mouth  of  moderate  size,  oblique, 
lower  jaw  slightly  projecting;  maxillary  1.97,  not.  reaching  vertical 
from  posterior  border  of  pupil;  interorbital  4.20,  broad,  flattened, 

>  Journal  of  a  Voyage  to  New  Soath  Wales,  1790,  p.  268,  fig.  1. 
I  Deecilptlve  Catalogue  of  Australian  Fishes,  vol.  1, 1^1,  pp.  43-44. 
•  Fishes  of  Australia,  igOdk  p.  107. 
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slightly  channeled;  preopercular  margin  serrate;  intramarginal  pre- 
opercular  crest  and  orbital  bones  smooth;  bands  of  villiform  teeth 
on  jaws,  vomer,  and  palatines,  those  on  vomer  somewhat  blunter 
than  the  others;  peritoneum  dusky  silvery;  scales  normal,  sub- 
rectangular. 

Dorsal  spines  weak,  the  third  longest,  2.52;  soft  dorsal,  1.91, 
distal  margin  obliquely  truncate;  caudal  emarginate;  anal  2.34,  low; 
ventrals,  1.68,  short,  tips  reaching  vent;  pectoral  1.57,  short. 

Color  in  alcohol:  Ground  color  dusky  brownish  yellow  (much  dis- 
colored), with  five  dark  brown  lateral  stripes  and  one  along  the 
middle  of  the  back  from  nuchal  region  to  base  of  last  dorsal  ray; 
the  first  lateral  stripe  appears  to  join  its  fellow  near  tip  of  snout, 
extends  backward  over  eye  to  upper  margin  of  caudal;  the  second 
crosses  upper  fourth  of  eye,  backward  along  lower  half  of  scales  of 
curved  portion  of  lateral  Une,  merging  into  the  third  on  straight 
portion;  the  third,  widest,  passes  aroimd  tip  of  snout,  through 
middle  of  eye  to  tips  of  median  caudal  rays;  the  fourth  from  middle 
of  maxillary,  under  eye,  above  base  of  pectoral  to  inferior  margin  of 
caudal,  very  indistinct  behind  pectoral;  faint  traces  of  a  fifth  along 
side  of  belly  to  posterior  base  of  anal;  spinuous  dorsal  dusky;  soft 
dorsal  with  a  narrow  dusky  bar  near  base  to  tip  of  last  ray;  a  similar 
bar  on  anal,  crossing  middle  of  sixth  and  seventh  rays  to  tip  of  eighth; 
basal  portion  of  rays  of  soft  dorsal  and  anal  whitish;  first  ventral 
ray  light,  others  dusky  black;  pectorals  dusky,  base  iridescent;  tip 
of  mandible  blackish. 

This  species  is  apparently  the  only  one  of  the  group  occurring  on 
the  coast  of  New  South  Wales  and  is  distinct  from  the  other  striped 
forms  herein  described.  It  is  characterized  by  the  small  eye,  long 
snout,  deep  body,  and  marked  coloration.  White's  figure  was 
evidently  made  from  a  much  faded  specimen.  That  portion  of  the 
stripes  not  shown  in  his  sketch  is  least  distinct  in  the  example  at 
hand. 

AMIA  AROUBIBNSIS  (HomlMoii  and  Jacqulnot). 
Plate  22. 

Apogon  aroubienns  Hombron  and  Jacquinot,  D'Urville's  Voyage  au  Pole  Sud, 
Poisaons,  1853,  p.  31,  pi.  1,  fig.  1;  Aroub  in  Malaysia. 

Apogon  fasdatus,  GxJntheb,  Fische  der  Sttdsee,  1873,  p.  19,  pi.  20,  fig.  A  (part). 

Amia  aroubiensiSf  Jordan  and  Seale,  Fishes  of  Samoa,  Bulletin  Bureau  of  Fish- 
eries, vol.  25,  1905,  pp.  241-2,  fig.  35,  1906. 

Dorsal  vn-i,9;  anal  ii,8;  scales  3  +  6 — 25. 

General  form  subovate,"  compressed;  head  2.65;  depth  2.73;  cau- 
dal peduncle  slender,  depth  2.18;  length  1.34;  eye  2.57,  large;  snout 
3.94,  short,  pointed;  mouthof  moderate  size,  oblique;  maxillary  1.76, 
long,  reaching  a  little  beyond  vertical  from  posterior  border  of  pupil; 
interorbital  5.14,  narrow,  flattened,  rugose;  margin  of  preopercle 
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serrate;  intramarginal  preopercular  crest  and  orbital  bones  smooth 
or  with  very  weak  serrations;  teeth  small,  villiform;  peritoneum 
silvery  white;  scales  large,  subcircular,  regular  in  arrangement. 

Dorsal  spines  slender,  third  longest,  1.76;  soft  dorsal  somewhat 
higher  1.54,  distal  margin  rounded;  caudal  forked;  anal  similar  to 
soft  dorsal,  depth  1.75;  ventrals  1.61;  pectoral  1.37,  long. 

Color  in  alcohol:  Ground  color  silvery  white,  four  broad,  dark  red- 
dish-brown stripes  on  sides  and  one  along  the  middle  of  the  back, 
stripes  much  wider  than  light-colored  interspaces ;  the  median  dorsal 
stripe  extends  from  between  eyes  to  posterior  base  of  soft  dorsal, 
margined  anteriorly  by  a  silvery  white  line  on  each  side  which  unite 
and  extend  to  near  tip  of  snout,  separating  the  first  lateral  stripe  from 
its  fellow  at  this  point,  the  latter  extends  over  eye  to  upper  base  of 
caudal  peduncle,  then  bends  sharply  downward  uniting  with  the 
second  on  base  of  caudal ;  the  second  separated  from  first  and  third 
on  head  by  white  lines  joins  its  fellow  on  tip  of  snout  and  extends 
through  middle  of  eye  to  base  of  caudal  ending  in  a  very  dark  brown 
area;  the  third  extends  from  lower  margin  of  eye  to  inferior  base  of 
caudal  peduncle,  then  bends  sharply  upward  to  second;  the  fourth, 
lighter  in  color,  extends  along  side  of  belly  to  base  of  anal;  fins  yellow- 
ish white;  a  black  bar  along  base  of  soft  dorsal  to  tip  of  last  ray;  a 
similar  bar  on  anal;  middle  rays  of  caudal  in  this  specimen  with  a 
slight  trace  of  duskiness.  This  description  is  of  an  individual  6.1 
cm.  in  length  from  Tutu  Bay,  Jolo. 

This  species  is  found  throughout  the  Philippine  Archipelago,  the 
collections  containing  about  125  examples  from  60  localities  in  the 
PhiUppines  and  Celebes.  These  do  not  differ  from  individuals  from 
Apia,  Samoa.  It  closely  resembles  A.  nmyemfcLscicUa,  differing  in 
having  the  stripes  broader  and  not  extended  beyond  base  of  caudal; 
the  curvature  of  dorsal  surface  is  greater,  giving  the  fish  a  slightly 
deeper  appearance;  the  eye  is  relatively  larger,  and  the  snout  is 
shorter. 

AMIA  NOVEMTASCIATA  (Cuvter  and  ValenctomiAB). 
Plate  23. 

Apogon  fasciatus  Quoy  and  Gaimard,  Voyage  de  TUranie,  1824,  p.  344;  Guam. 

Apogon  ffudoXva}  Petebb,  Monatsberichte  der  Kdniglichen  Preiiasischen 
Akademie  der  Wiseenschaften  zu  Berlin,  1868,  p.  256;  Luzon,  Samar — 
Gf^NTHER,  Fische  der  Stldsee,  1873,  p.  19,  pi.  20,  fig.  B— Bleeker,  Atlas, 
1873-7«,  vol.  7,  p.  87,  (part),  pi.  326,  Percoidei  pi.  48,  fig.  4,  1876-77— Day, 
FisheB  of  India,  p.  69, 1878-88  (part). 

Apogon  novem/caciattu  Guvieb  and  Valenciennes,  Histoire  Naturelle  des 
Poisaonfi,  vol.  2,  1828,  p.  154;  Timor  and  Guam. 

Amia  novemfaaciata  Jordan  and  Seale,  Fishes  of  Samoa,  Bulletin  Bureau  of 
Fisheries,  vol.  25  (1905),  pp.  242-3,  fig.  36,  1906  (not  fig.  37)— Jordan  and 
Seale,  Fishes  from  Negros,  Proc.  U.  S.  National  Museum,  vol.  28,  1905, 
p.  777 — Jordan  and  Richardson,  Fishes  from  Islands  of  Philippine  Archi- 
pelago, Bulletin  Bureau  of  Fisheries,  vol.  27  (1907),  p.  254,  1908;  Calayan, 
Cuyo,  Ticao. 

iConfiued  with  Muautfatdaiiu  White. 

Digitized  by  VjOOQIC 


252  PROCEEDINGS  OF  THE  NATIONAL  MTJBEXJM.  tw.41. 

Dorsal  vn-i,9;  analn,8;  scales  3  + 6 — 25. 

General  form  oblong,  compressed;  head  2.68,  regular  in  outline; 
body  slender,  curvature  of  dorsal  and  ventral  surfaces  similar,  depth, 
2.86;  caudal  peduncle  strongly  compressed,  depth  2.03,  length, 
1.37;  eye  2.93,  small;  snout  3.73,  pointed;  mouth  large,  oblique; 
maxillary  1.82,  long,  not  reaching  vertical  from  posterior  border  of 
orbit;  interorbital  5.12,  flattened;  margin  of  preopercle  armed  with 
weak  serrations;  intramarginal  preopercular.  crest  and  orbital  bones 
smooth  or  with  traces  of  weak  serrations;  well-developed  villiform 
teeth  on  jaws,  vomer  and  palatines;  peritoneum  silvery  white; 
scales  regular. 

Dorsal  spines  slender,  third  longest^  1.80;  height  of  soft  dorsal 
1.64,  its  distal  margin  nearly  truncate,  becoming  concave  posteriorly; 
caudal  forked;  anal  similar  to  soft  dorsal,  1.78;  ventrals  1.58; 
pectoral  1.46. 

Color  in  alcohol:  Ground  color  silvery  white  with  three  dark  red- 
dish brown  stripes  on  sides  and  one  along  middle  of  back,  width 
about  two-thirds  that  of  interspaces;  median  dorsal  stripe  extends 
from  interorbital,  dividing  at  nape,  along  base  of  dorsals,  uniting 
again  behind  dorsals  and  extending  as  a  narrow  line  to  base  of  caudal; 
the  first  lateral  stripe  separated  from  its  fellow  by  a  median  white 
line,  near  tip  of  snout,  extends  over  eye  to  upper  base  of  caudal, 
bends  downward  to  meet  the  second  near  tip  of  median  caudal  rays; 
the  second  margined  above  and  below  on  side  of  snout  by  white  lines, 
encircles  snout,  passes  through  middle  of  eye  to  tips  of  median  caudal 
rays;  the  third  from  middle  of  maxillary  along  lower  mai^in  of  eye, 
through  lower  pectoral  base,  following  curvature  of  beUy  to  base  of 
caudal,  then  bends  upward  to  meeting  place  of  first  and  second ;  afourth, 
quite  distinct  on  head,  from  tip  of  mandible  to  near  base  of  ventrals, 
very  indistinct  on  breast;  two  white  lines  on  ventral  surface  of  head; 
spinous  dorsal  hyaUne,  tips  of  membranes  posteriorly  black;  a  black 
bar  margined  above  and  below  with  white  near  base  of  soft  dorsal  to 
tips  of  last  rays,  remainder  of  fin  hyaline;  caudal  rays  whitish,  mem- 
branes hyaline  except  portions  crossed  by  connivent  stripes;  anal 
similar  to  soft  dorsal;  paired  fins  hyaline;  base  and  lower  axil  of 
pectoral  black,  very  characteristic  of  the  species.  This  description  is 
of  an  example  7  cm.  in  length  from  tide  pools  at  Gubat  Bay,  Luzon. 

There  are  25  examples  in  the  collection  from  the  coasts  of  Luzon 
to  the  Celebes.  These  have  been  compared  with  specimens  from 
Apia,  Samoa,  in  the  reserve  series  of  the  United  States  Bureau  of 
Fisheries  and  with  examples  from  the  Fiji  Islands  in  the  United 
States  National  Museum.  The  slender,  compressed  form,  trim 
appearance,  narrow  stripes  connivent  near  tip  of  caudal,  and  black 
pectoral  base  are  characteristic  of  this  species. 

In  the  original  description  of  the  species,  Cuvier  and  Valenciennes 
mention  as  types  two  specimens,  one  from  Timor  and  the  other  from 


Digitized  by 


Google 


KO.  1858.  FOUR  VEW  PHILIPPINE  FISHES—BADCLIPFE.  253 

Guam,  the  latter  apparently  Quoy  and  Gaimard's  type  of  A.fdsciaius; 
both  seem  to  be  this  species,  and  as  the  name  fasciatus  is  preoccu- 
pied the  present  name  holds.  Sleeker  *  wrongly  credits  this  species 
to  Doctor  Gill,  and  Day  *  evidently  has  copied  from  Bleeker. 

AMIA  ANOUSTATA  Smith  and  Raddiffe,  new  Bpedes. 

Dorsal  vn-i,9;  anal  n,8;  scales  3  4-6 — 25. 

General  form  oblong,  compressed;  head  2.68,  conic;  body  com- 
pressed, slender,  dorsal  and  ventral  outline  arched  from  tip  of  snout 
to  caudal  pedimcle,  depth  2.95;  breadth  of  body  behind  opercle  2.18 
in  depth;  caudal  peduncle  strongly  compressed,  rather  deep,  depth 
2.12,  length  1.40;  eye  2.75,  large,  prominent;  snout  3.85,  short, 
depressed,  *pointed;  mouth  large,  oblique,  jaws  subequal;  maxillary 


Fbo.  1.—AHIA.  ANOUSTATA.    (From  the  type.    Natural  siie.) 

1.79,  extending  slightly  beyond  vertical  from  posterior  bor4er  of 
pupil;  interorbital  5.31,  narrow,  with  a  slight  median  ridge;  margin 
of  preopercle  denticulated;  intramarginal  preopercular  crest  and 
orbital  bones  with  weak  denticulations;  well-developed  villiform 
teeth  on  jaws,  vomer,  and  palatines;  peritoneum  silvery  white; 
scales  large,  firm,  somewhat  longer  than  broad;  28  pores  in  lateral 
line. 

Dorsal  spines  slender,  the  first  5.55  in  the  second,  second  2.20  in 
third,  the  third  longest,  2;  soft  dorsal  high,  1.66;  caudal  forked; 
anal  1.85,  distal  margin  sinuous;  ventrals  1.85,  short;  pectoral  1.39, 
long. 

Color  in  alcohol:  General  color  yellowish  white  with  three  light 
brown  stripes  on  the  side  and  one  along  the  middle  of  the  back,  these 
are  narrower  than  light-colored  interspaces;  median  dorsal  stripe 
extends  from  between  eyes  to  occiput,  where  it  divides,  reimiting  and 
ending  behind  last  dorsal  ray;  first  lateral  stripe  joins  its  fellow  near 
tip  of  snout  and  passes  over  eye  to  base  of  caudal,  slightly  decurved  at 

>  Atlaa,  vol.  7.  p.  87.  *  Ffahes  of  India,  p.  M. 
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end;  the  second  unites  with  its  fellow  at  tip  of  snout  and  extends 
through  center  of  eye  to  base  of  caudal/  ending  in  a  round  black 
blotch  about  the  size  of  pupil;  a  third  from  middle  of  maxillary, 
beneath  eye,  through  lower  pectoral  base  to  inferior  base  of  caudal, 
very  indistinct  posteriorly;  obscure  brown  dots  along  lower  part  of 
maxillary  to  base  of  anal;  jGins  hyaline,  spines  and  rays  whitish,  base 
of  soft  dorsal  and  anal  white  with  dusky  above,  indicating  presence  of 
dark  bar  as  in  related  sj)ecies;  dorsal  stripe  on  head  margined  with  a 
white  line  which  becomes  median  at  anterior  end  of  stripe,  extanding 
forward  to  first  lateral  stripe;  a  white  Une  crosses  upper  third  of 
eye,  extends  forward  on  snout  as  a  margin  to  first  lateral  stripe,  a 
similar  line  through  lower  part  of  eye,  margining  second  stripe 
around  tip  of  snout. 

A  specimen  7  cm.  in  length  from  Sipadan  Island,  Borneo,  has  the 
following  measurements:  Head  2.72;  depth  3.11;  depth  of  caudal 
peduncle  2.10,  length  1.43;  eye  2.50;  snout  4.17;  maxillary  1.75; 
interorbital  5.71;  third  dorsal  spine  1.81;  height  soft  dorsd  1.45; 
depth  of  anal  1.60;  ventral  1.74;  pectoral  1.40;  a  narrow  black  line 
composed  of  a  series  of  spots  on  membranes  between  rays  near  base  of 
soft  dorsal  and  anal. 

From  A.  TiovemfascicUa  this  species  differs  in  having  the  maxillary 
slightly  longer,  the  eye  more  prominent,  body  relatively  longer,  the 
ratio  of  depth  to  length  being  less,  first  stripe  not  separated  from  its 
fellow  near  tip  of  snout,  the  lateral  stripes  not  connivent  on  caudal, 
base  of  dorsal  not  markedly  darker,  and  bars  on  soft  dorsal  and  anal 
less  distinct.  From  A.  rohusta  it  differs  in  the  slenderer,  more 
compressed  body,  larger  eye,  narrower  interorbital,  shorter  dorsal 
spined,  shorter  ventrals,  narrower  stripes,  and  absence  of  short  stripe 
behind  eye. 

Type.— Cat.  No.  68399,  U.S.N.M.,  8.5  cm.  in  length,  from  Mala- 
nipa  Island,  east  of  Zamboanga. 

AMIA  ROBXJSTA  SmiUi  and  lUdcIifie,  ntw  tpectei. 

Plate  24. 

Amiafasdataf  Evebmann  and  Seale,  Fishes  of  the  Philippine  lelands,  Bulletin 
Bureau  of  Fifiheries,  vol.  26  (1906),  p.  72,  1907;  Bacon. 

Dorsal  vn-i,9;  anal  n,8;  scales  34-6 — 25. 

General  form  fusiform;  head  2.68,  conic,  robust;  body  robust, 
dorsal  and  ventral  surface  arched  from  tip  of  snout  to  caudal  pe- 
duncle, depth  2.63,  breadth  behind  opercle  1.90  in  depth;  caudal 
peduncle  tapering,  compressed,  depth  2.15,  length  1.47;  eye  2.84, 
moderate;  snout  3.85,  rounded,  not  depressed;  mouth  large,  oblique, 
upper  jaw  projecting  slightly;  maxillary  1.85,  extending  a  little 
beyond  vertical  from  posterior  border  of  pupil;  nostrils  small,  dis- 
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tinct,  well  separated,  the  anterior  provided  with  a  raised  flap;  inter- 
orbital  4.55,  rather  broad,  nearly  flat;  preopercular  margin  serrate; 
intramarginal  preopercular  crest  weakly  serrate,  the  serrations  least 
distinct  at  angle  and  on  lower  border;  orbital  bones  smooth  or  with* 
slight  traces  of  serrations;  smaU,  regular,  villiform  teeth  on  jaws, 
vomer  and  palatines;  peritoneum  silvery  white;  scales  regular,  firm, 
ctenoid,  somewhat  deeper  than  long;  27  pores  in  lateral  line. 

Dorsal  spines  strong,  first  2.38  in  second,  5.55  in  third,  second  1.94 
in  third,  third  longest  and  strongest,  1.72;  soft  dorsal  somewhat 
higher,  1.61,  its  distal  margin  obliquely  truncate;  caudal  forked, 
lobes  rounded;  anal  1.92,  its  distal  margin  sinuous;  ventrals  1.51, 
not  reaching  base  of  anal,  their  base  a  little  in  front  of  base  of  pec- 
toral; pectoral  1.39. 

Color  in  alcohol:  Groimd  color  yellowish  bronze  with  iridescent 
reflections;  four  stripes  on  side  and  one  along  middle  of  back,  light 


Fio.  2.~Amll  robusta.    (From  the  type.    NAtural  slie.) 

reddish  brown  in  color,  varying  in  width,  but  approximately  equal 
to  interspaces;  the  median  dorsal  stripe  begins  above  anterior  margin 
of  eye,  divides  on  nape,  following  row  of  scales  along  base  of  dorsals, 
uniting  behind  soft  dorsal,  continues  to  base  of  caudal;  from  front  of 
dorsal  posteriorly  it  is  broken  up  into  a  series  of  blotches,  one  on  each 
scale;  the  first  lateral  stripe,  narrower  than  the  others,  joins  its  fellow 
near  tip  of  snout,  in  this  respect  differing  from  aroubiensia  and  novem- 
fasdaUij  extends  backward  over  eye,  touching  upper  half  of  anterior 
scales  of  lateral  line,  decurved  near  base  of  caudal,  the  coloration 
rapidly  fading  out  on  rays;  a  short  stripe  of  lighter  color  crosses  upper 
fourth  of  eye,  below  pores  of  lateral  line  to  eleventh  scale,  where  it  is 
decurved  and  merges  into  second  stripe;  the  latter  encircling  snout, 
passes  through  middle  of  eye  to  base  of  caudal,  enlarging  into  a  darker 
colored  blotch  at  this  point,  a  dusky  shade  along  caudal  to  tips  of 
median  rays;  tiie  third  from  nuddle  of  maxillary,  along  lower  border 
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of  eye,  through  and  above  base  of  pectoral,  always  parallel  with 
second  to  base  of  caudal,  curved  upward  toward  second,  similar  to 
the  first;  a.  fourth  from  tip  of  mandible  to  posterior  base  of  anal; 
head  dusky  brown,  with  an  iridescent  sheen  in  places;  lateral  stripes 
not  nearly  so  distinct  anteriorly  as  in  smaller  examples;  two  silvery 
lines  cross  eye  forming  a  margin  to  second  stripe  to  tip  of  opercle; 
opercle  brown  and  iridescent,  an  irregular  dark  brown  or  blackish 
area  above  pectoral  base;  anterior  dorsal  spines  with  a  silvery  sheen, 
membranes  and  posterior  spines  dusky;  soft Vlorsal  dusky,  a  brownish 
bar  along  base  to  tips  of  posterior  rays;  caudal  dus^,  outer  and 
median  rays  with  a  brownish  tinge;  anal  similar  to  soft  dorsal;  ven- 
trals  dusky  with  traces  of  a  silvery  sheen,  especially  on  the  spine; 
pectorals  hyaline,  axil  brownish  black,  base  brownish. 

Color  in  life:  Body  pearl  gray  with  three  broad  olive-green  stripes 
along  side,  another  less  distinct,  along  middle  of  back  and  base  of 
dorsal  and  a  fifth  below  base  of  pectoral;  head  with  yellowish  shades; 
lower  portion  of  opercle  with  a  dusky  blotch  (while  specimen  was 
being  described,  this  was  invaded  by  a  silvery  white  spot  about  size 
of  pupil);  ground  colors  on  cheeks  and  under  pectoral  becoming 
somewhat  silvery;  first  dorsal  with  greenish  yellow  shades  on  ante- 
rior membranes;  spines  silvery  white  in  front;  posterior  portion  of 
fin  purplish;  second  dorsal  washed  with  orange  distally ;  a  dark  olive- 
green  bar  from  base  of  spine  to  tips  of  last  rays;  caudal  somewhat 
pink;  anal  pale  vermilion,  a  reddish  brown  bar  from  base  of  spines 
to  tips  of  posterior  rays;  edge  of  fin  somewhat  dusky;  ventral  similar 
to  anal  but  paler,  tip  dusky;  pectoral  pale  pink;  iris  dark  green. 

Small  examples  id  alcohol  have  the  spot  at  base  of  caudal  more 
distinct,  lai^er,  often  black  id  color;  the  second  and  third  stripes  are 
broadest,  broader  than  interspaces,  parallel,  the  third  not  following 
the  curvature  of  belly  as  in  related  species;  base  of  pectoral  not 
darker  than  rest  of  stripe;  first  lateral  stripe  joins  its  fellow  near  tip 
of  snout;  traces  of  a  short  stripe  behind  upper  third  of  eye  in  all  save 
one  or  two  of  smallest  examples. 

The  collection  contains  about  150  specimens  from  eleven  localities 
in  the  Philippines  and  Celebes,  principally  from  the  southeastern 
coast  of  Luzon.  The  characteristic  coloration,  the  greater  breadth 
of  body,  and  the  more  rounded  appearance  of  dorsal  surface  of  head 
and  body  are  diagnostic  of  the  species. 

Jordan  and  Scale*  list  this  species  as  a  color  variation  of  A.  novem- 
fasciata  with  the  following  note:  ''A  third  specimen  from  the  same 
locality  has  a  deeper  body,  the  black  stripes  more  olive,  none  below 
level  of  pectoral;  no  black  bar  across  axil;  a  blackish  spot  on  lower 
part  of  opercle;  fins  duU  red;  both  dorsals  and  anal  with  an  oblique 
black  crossband;  stripes  on  caudal  less  distinctiy  conveiging,  the 

i  FUbes  of  Smda,  p.  343,  flg.  87. 
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outer  mai^in  black;  first  dorsal  all  black.  These  specimens  dififer 
rather  markedly  from  the  ordinary  ones  and  may  represent  a  distinct 
species,  but  except  in  color  we  find  no  tangible  characters."  In  the 
reserve  series  of  the  United  States  Bureau  of  Fisheries,  among  the 
specimens  of  A.  novemfasdatay  taken  by  these  authors,  are  a  number 
of  examples  of  this  species.  These  agree  with  specimens  from  the 
Philippines,  and  their  figure,  37,  is  undoubtedly  from  a  fish  of  this 
species;  it  lacks  the  short  bar  behind  eye. 

The  specimen  in  the  reserve  series  of  the  United  States  Bureau  of 
Fisheries  identified  as  A.fasdataj  Evermann  and  Scale  ^  from  Bacon, 
Philippine  Islands,  is  also  this  species. 

Some  of  the  AXbaiross  examples  from  Canimo  Island  taken  June  15, 
1909,  and  those  from  Apia  are  females  with  eggs  in  an  advanced  stage 
of  development.  An  examination  of  a  number  of  examples  of  this 
species  and  of  A.  novemfasciata  shows  both  sexes  present  in  each  case. 

The  relative  proportions  of  parts  of  body  of  A.  arouhiensisy  novem^ 
fdsciata,  aTigustaUij  and  rohuata  are  so  close  that  the  ordinary  com- 
parative measurements  when  used  alone  are  of  little  diagnostic  value, 
yet  the  form  of  body  and  differences  in  coloration  are  so  marked  that 
these  species  can  be  separated  with  comparative  ease. 

Type.— Cat.  No.  68400,  U.S.N.M.,  8.7  cm.  in  length,  from  Jolo 
Reefs,  taken  with  dynamite. 

AMIA  VERSICOLOR  Smltti  and  Radclifle,  new  species. 

Dorsal  vn-i,9;  analn,8;  scales  3 +  6 — 23. 

General  form  subovate,  compressed;  head  2.46,  large;  body  short, 
deep,  depth  2.50;  caudal  peduncle  short  slender,  depth  3.05,  length 
2.10;  eye  2.90,  small;  snout  4.06,  short,  rounded;  mouth  large,  very 
oblique,  jaws  subequal;  tongue  large,  thick,  with  a  peculiar  pointed, 
constricted  tip;  maxillary  1.63,  scarcely  reaching  vertical  from  pos- 
terior border  of  orbit;  nostrils  well  developed;  interorbital  3.40, 
rather  broad,  convex;  margin  of  preopercle  serrate;  intramarginal 
preopercular  crest  smooth  or  with  weak  serrations;  orbital  bones 
smooth;  small  villifonn  teeth  on  jaws,  vomer  and  palatines;  peri- 
toneum dusky  silvery;  scales  large,  suborbicular,  with  a  marginal  row 
of  long  slender  denticulations;  some  of  the  scales  have  only  a  few 
denticulations  or  none  at  all,  cycloid-like. 

Dorsal  spines  weak,  third  longest,  2.15;  soft  dorsal  1.80,  mai^in 
rounded;  caudal  rather  deeply  forked;  anal  similar  to  soft  dorsal, 
2.45;  ventrals  1.75,  short;  pectoral  1.75,  broad  rounded,  short. 

Color  in  alcohol:  Ground  color  dusky  silvery;  three  narrow,  slaty 
black  lateral  stripes  and  one  along  the  middle  of  the  back  from  nape 
to  base  of  caudal;  the  first  lateral  stripe  unites  with  its  fellow  near 

1  Fishes  of  the  Philippine  Islands,  1907,  p.  72. 
94428<'— Proc.N.M.vol.  41—11 17 
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tip  of  snout,  extends  over  eye  to  posterior  base  of  second  dorsal;  the 
second  from  near  tip  of  snout  through  middle  of  eye  to  base  of  caudal; 
the  third  from  middle  of  maxillary,  below  eye,  through  base  of  pec- 
toral to  base  of  caudal,  parallel  with  contour  of  ventral  surface,  nar- 
rowest on  caudal  peduncle;  traces  of  a  fourth  from  throat  to  base  of 
ventrals,  uniting  as  a  median  ventral  stripe  to  base  of  anal;  a  broad 
band  of  silver  forms  lower  margin  to  third ;  spinous  dorsal  dusky  slate, 
other  fins  hyaline;  constricted  tip  of  tongue  white,  rest  of  tongue 
silver  plated. 

Color  in  life  of  two  specimens  from  Usada  Island  near  Jolo :  General 
color  seal  brown,  over  silvery,  with  reddish  shades  under  this;  vertical 
fins  vermilion;  paired  fins  similar  but  very  pale.  When  first  taken 
from  the  water  these  examples  were  black  as  in  deep-sea  fishes — pal- 
ing later,  the  reds  appearing. 


Fio.  3.— AMIA  VERSICOLOR.    (From  the  type.    Twice  natural  size.) 

This  interesting  little  species  is  subject  to  a  remarkable  variation  in 
color  and  form.  Most  of  the  specimens  taken  with  seine  at  Cataingan 
Bay,  Masbate,  are  like  the  type  in  coloration,  the  others,  together  with 
specimens  taken  with  dynamite  at  Usada  and  Pangasinan  Islands,  are 
silvery  black  without  or  with  only  slight  traces  of  stripes,  others  taken 
with  the  dredge  in  deep  water  are  silvery  white,  the  stripes  in  some 
very  distinct,  these  shading  into  forms  in  which  the  striping  is  less  and 
less  marked,  finally  disappearing  entirely,  especially  those  taken  with 
sehie  at  Canmahala  Bay,  Luzon.  The  silver  plating  on  tongue  and 
the  broad  silvery  band  from  throat  to  inferior  caudal  base  are  pres- 
ent in  all.  In  form  they  range  from  the  robust  little  fish  with  a  very 
large  head  to  an  elongate,  spindle-shaped  form  as  in  Canmahala  Bay 
examples;  these  may  represent  a  distinct  species,  but  the  gradations 
from  one  form  to  the  other  are  so  close  that  it  has  seemed  best  not  to 
separate  them. 

Following  is  description  of  one  of  slender  form  from  Canmahala 
Bay,  Luzon,  length  4.4  cm. : 

Dorsal  vii-1,9;  analii,8;  scales  3 +  6 — 23. 
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Body  slender,  fusiform ;  head  2.76 ;  depth  2.92 ;  depth  caudal  pedun- 
cle 2.45,  length  1.81;  eye  3.02;  snout  3.62;  maxillary  1.72;  interor- 
bital3.35;  pectorall.70;  vontrall.70;  light  brown  with  silvery  reflect 
tions;  ventral  silver  stripe  margined  above  with  a  narrow  black  line; 
first  dorsal  dusky,  other  fins  hyaline;  opercular  bones  silvery;  tongue 
silver  plated. 

Specimens  from  Cataingan  Bay,  the  largest  bemg  3.9  cm.  in  length, 
had  spawned  and  many  males  were  carrying  eggs  and  apparently  fry 
in  mouth.  As  these  had  practically  all  been  washed  out  into  pre- 
servative it  is  impossible  to  determine  the  conditions  in  individual 
cases.  Comparison  with  eggs  and  young  from  mouth  of  AJhdtross 
examples  of  Amia  atradorsaia  from  Chatham  Island,  Galapagos 
Islands,  shows  that  the  fry  are  farther  advanced  in  the  Philippine 
species  and  were  free  from  egg  capsule  at  time  of  capture.  The  con- 
(Ution  of  the  young  of  Amia  atmdorsata  indicates  that  they  may  have 
been  freed  by  the  shock  resulting  from  pi Jbing  them  in  alcohol. 

There  are  110  specimens  in  the  collection  from  numerous  shore 
stations  between  Luzon  and  the  most  remote  southern  parts  of  the 
Philippine  Archipelago — Sibutu  Island  and  North  Balabac  Strait; 
and  from  various  dredging  stations  at  depths  of  10  to  169  fathoms. 

Type.— Cat.  No.  68401,  U.S.N.M.,  3.9  cm.  in  length,  from  Catamgan 
Bay,  Masbate. 

AMIA  MULTIUNSATA  Btoeker. 
Plate  25. 

Apogon  multitssniatusy  Bleeker,  Contribution  to  ichthyology  of  Sumbawa, 
Journal  Indian  Archipelago  and  Eastern  Asia,  vol.  2,  1848;  Verhandelingen 
Bataviaasch  Genootschap  van  Kunsten  en  Wetenschappen,  vol  22,  Percoiden, 
1849,  p.  28.— GtJNTHER,  Catalogue  of  Fishes,  vol.  1,  1859,  p.  242,  (not  of 
Ehrenberg). 

Amia  multiUeniata,  Bleeker,  Atlas,  vol.  7,  p.  319,  Percidae,  pi.  41,  fig.  1, 187^76. 

Amia  multilineata  Bleeker,  Atlas,  vol.  7,  pp.  83-84,  1873-76. 

Dorsal  vii-1,9;  analn,8;  scales  3  +  6 — 25. 

General  form  oblong,  compressed;  head  2.87,  conic;  body  robust, 
dorsal  and  ventral  outline  symmetrical;  depth  2.66;  caudal  peduncle 
elongate,  compressed,  depth  2.02,  length  1.39;  eye  2.59;  snout  3.55, 
short,  pointed;  mouth  moderate,  oblique,  jaws  subequal;  maxillary 
2,  reaching  vertical  from  posterior  border  of  pupil ;  interorbital  6,  flat; 
preapercular  margin  finely  serrate;  intramarginal  preopercular  crest 
and  orbital  bones  smooth  or  with  a  few  very  weak  serrations;  viUiform 
teeth  on  jaws,  vomer  and  palatines;  peritoneum  silvery  white;  scales 
regular. 

Dorsal  spines  long  and  slender,  third  longest  and  strongest,  1.65; 
soft  dorsal  higher,  1.28,  its  distal  margin  sUghtly  rounded,  nearly 
truncate;  caudal  forked;  anal  similar  to  soft  dorsal,  1.54;  ventral 
1.52;  pectoral  1.54, 
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Color  in  alcohol:  Ground  color  dull  silvery  gray  with  about  18 
narrow  longitudinal  olive  brown  stripes,  those  on  head  indistinct, 
alternate  stripes  narrower;  a  distinct  silvery  line  from  tip  of  snout 
through  lower  third  of  eye,  across  opercle  to  above  base  of  pectoral,  a 
second  from  lower  margin  of  eye  to  lower  base  of  pectoral;  a  fine 
silvery  line  from  eye  above  posterior  nostril  meeting  its  fellow  near 
tip  of  snout,  a  median  line  from  this  point  backward  to  between  eyes 
where  it  divides  and  fades  out;  fins  dusky  hyaline;  a  dusky  brown 
bar  at  base  of  soft  dorsal  and  anal  to  tips  of  posterior  rays.  This 
description  is  of  a  specimen  8.2  cm.  in  length  from  Jolo  Reefs,  taken 
with  dynamite. 

Color  in  life  of  an  example  6.6  cm.  in  length  from  Tataan  Bay: 
Ground  color  oUve  gray  with  many  narrow  dark-green  oUve  stripes, 
these  irregularly  alternately  narrower  and  wider;  the  median  stripe 
ends  in  a  blotch  at  base  of  caudal;  head  yellowish  green;  pearl  gray 
through  lower  edge  of  eye  across  snout  and  posterior  part  of  head; 
a  similar  stripe  under  eye,  through  angle  of  preopercle;  posterior 
and  lower  parts  of  head  with  bronzy  and  green  shades;  third  and 
posterior  membranes  of  spinous  dorsal  yellowish,  spines  Ulac,  tips  of 
first  four  or  five  scarlet;  soft  fins  orange;  pectoral  very  pale;  caudal 
membranes  in  fork  of  fin  citron  yellow;  anal  with  a  dusky  bar  at  base 
posteriorly;  iris  dark. 

Color  in  life  of  an  example  7.6  cm.  in  length  from  Great  Tobea 
Island:  Ground  pearly  gray  with  numerous  oUve  stripes;  side  of 
head  oUvaceous  with  white  stripe  through  lower  eye  from  snout  to 
edge  of  opercle;  a  similar  stripe  along  upper  maxillary  to  base  of 
pectoral;  pale  stripes  on  top  of  head  and  snout;  fins  very  pale 
scarlet  or  orange;  brownish  bar  across  base  of  second  dorsal  and 
anal,  other  fins  unmarked. 

In  smaller  examples,  there  are  fewer  stripes,  the  narrow  alternate 
stripes  being  the  first  to  disappear.  In  an  example  2.3  cm.  in  length 
from  Great  Tobea  Island  there  are  three  distinct  lateral  stripes  and 
one  along  the  middle  of  the  back,  these  are  arranged  very  much  as  in 
the  young  of  A.  rohusta  except  that  the  first  lateral  stripe  does  not 
unite  with  its  fellow  near  tip  of  snout  and  there  is  no  distinct  caudal 
blotch;  very  indistinct  traces  of  narrow  lines  between  lateral  stripes. 
The  marked  similarity  in  color  of  the  young  to  some  of  foregoing 
species  make  them  difficult  to  identify,  especially  where  bands  and 
markings  on  head  are  not  distinct.  Lepidamia  noordzieJci  (Bleeker) 
resembles  this  species  in  coloration,  but  is  easily  identified  by  tlie 
smaller  scales. 

The  collection  contains  about  25  examples  from  the  Phihppines  and 
Celebes. 
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EXPLANATION  OF  PLATES. 

Platb  20. 

Amia  compressa  Smith  and  Radcliffe,  new  species. 

From  photograph.  Illustrating  changes  in  color  pattern  at  different  stages  of 
growth.  Upper  figure,  a  fish  4.8  cm.  long,  from  Romblon,  Philippine  Islands;  mid- 
dle figure,  a  fish  7.4  cm.  long,  from  same  locality;  lower  figure,  a  fish  9.5  cm.  long, 
from  Biri  Channel,  east  coast  of  Luzon,  Philippine  Islands. 

Plate  21. 

Upper  figure,  Amia  compressa  Smith  and  Radcliffe,  new  species. 

From  photograph  of  a  colored  drawing  of  a  fish  7.2  cm.  long,,  from  Tataan  Pass, 
Tawi  Tawi  Group,  Philippine  Islands. 

Lower  figure,  Amiafasdata  (White). 

Copied  from  White's  Journal  of  a  Voyage  to  New  South  Wales,  p.  268,  fig.  1. 

Platb  22. 

Upper  figure,  Amia  aroubiensis  (Hombron  and  Jacquinot). 

From  photograph  of  a  fish  6.5  cm.  long,  from  Kayoa  Island,  west  of  Gillolo,  Dutch 
East  Indies. 

Lower  figure,  Amiafasciata  (White). 

From  photograph  of  a  fish  10.2  cm.  long,  from  Port  Jackson,  New  South  Wales. 

Platb  23. 

Amia  novemfasdata  (Cuvier  and  Valenciennes). 

From  photograph.  Illustrating  changes  in  color  pattern.  Upper  figure,  a  fish  2.6 
cm.  long  from  Basa  Reef,  Gulf  of  Boni,  Celebes;  middle  figure,  a  fish  4.8  cm.  long, 
from  Sablayan,  Mindoro,  Philippine  Islands;  lower  figure,  a  fi^  7.8  cm.  long,  from 
Gubat  Bay,  Luzon,  Philippine  Islands. 

Platb  24. 

Amia  robusta  Smith  and  Radcliffe,  new  species. 

From  photograph.  Illustrating  the  characteristic  color  pattern  and  the  differences 
in  color  and  form  from  A.  novemfasdata  at  same  stages  of  development.  Upper  figure, 
a  fish  6.4  cm.  long,  from  Canimo  Island  near  Daet,  Philippine  Island;  middle  figure, 
a  fish  4.3  cm.  long,  from  Sablayan,  Mindoro,  Philippine  Islands;  lower  figure,  a  fish 
2.7  cm.  long,  from  Canimo  Island  near  Daet,  Philippine  Islands. 

Plate  25. 

Amia  muUilineata  Bleeker. 

Prom  photograph.  Illustrating  the  remarkable  changes  in  color  pattern  at  different 
ages  and  the  marked  resemblance  of  the  young  to  the  young  of  A.  noveTnfasdala  and 
A.  robusta.  Fishes  respectively  2.2,  3.9,  4.6,  and  7.3  cm.  long,  from  Great  Tobea 
Island,  Celebes. 
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Am  I A  COMPRESSA. 
For  explanation  of  plate  see  paoe  261. 
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Am  I A  COMPRESSA. 
For  explanation  of  plate  see  page  261 . 


Amia  fasciata.    After  White. 

For  explanation  of  plate  see  paoe  261. 
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Amia  aroubiensis.    upper  figure. 
Amia  fasciata.    lower  figure. 

For  explanation  of  plate  6EE  page  261. 


Digitized  by 


Google 


Digitized  by 


Google 


U.  8.  NATIONAL  MUSEUM 


PROCEEDINGS,  VOL.  41     PL.  23 


^^j^;.      t^  Vi 


.Z>^ 


Am  I A  NOVEMFASCIATA. 

F0«  EXPLANATION  OF  PLATE  SEE  PAGE  261. 
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AMIA  ROBUSTA. 
For  explanation  of  plate  see  paoe  261. 
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Amia  MULTILINEATA. 
For  explanation  of  plate  see  page  261. 
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THE     WEST    AMERICAN    MOLLUSKS     OF     THE     GENUS 
AMPHITHATAMUS. 


By  Paul  Baetsch, 

Assistant  Curator^  Division  of  Molhishs,  U,  8.  National  Museum. 


The  genus  AmpMihalamus  was  established  by  Dr.  P.  P.  Carpenter 
in  1865  ^  for  Amphithdlamus  inclusus  Carpenter.  Watson's  name 
Scrobs  2  is  a  synonym  of  it.  In  1866  Carpenter  described  another 
species,  AmphUhalamus  lacuriatus  Carpenter.' 

To  these  I  now  add  a  third,  AmphithattLmus  tenuisy  also  from 
California. 

Of  these  three,  A.  inclusus  Carpenter  has  a  peripheral  cord;  A, 
tenuis  Bartsch,  a  faint  raised  line  only;  A.  inclusus  Carpenter  is 
broadly  conic;  A.  tenuis  Bartsch,  elongate  ovate.  In  A.  lacunatus 
Carpenter  there  is  no  peripheral  cord. 

AMPHTIHALAMnS  LACUNATUS  Caipenter. 

AmphUhalamus  lacunatus  Carpenter,  Proc.  Califoraia  Acad.  Nat.  Sci.,  vol.  3, 
1866,  p.  218. 

Shell  minute,  broadly  conic,  milk-white.  Nuclear  whorls  one  and 
one-half,  well  rounded,  marked  by  about  15  slender, 
equal  and  equally  spaced,  spiral  threads  and  nu- 
merous, very  fine,  axial  tlireads,  lending  the  sur- 
face a  very  minutely  pitted  appearance.  Post- 
nuclear  whorls  feebly  shouldered  at  the  sunmiit, 
slightly  rounded,  marked  by  incremental  lines  only. 
Suture  well  impressed.  Periphery  of  the  last  whorl 
inflated,  rounded.  Base  moderately  long,  slightly 
rounded,  with  a  narrow  umbilical  chink.  Aperture 
incomplete  (outer  lip  fractured) ;  inner  lip  curved, 
appressed;  parietal  wall  covered  with  a  thick  callus,    fio.  i.— amphithala- 

Doctor     Carpenter's     type    (Cat.    No.    15564,      '^^^^^^^'^^  ""^ 
U.S.N.M.)  has  two  post-nuclear  whorls  and  meas- 
res:  Length  1.  5nmi.,  diameter  1.1  mm.     It  comes  from  shell  wash- 
ings at  San  Pedro,  California. 

1  Ann.  Mag.  Nat.  Hist.,  ser.  3.,  vol.  15,  p.  181. 

>  Challenger  Report,  1886,  p.  611. 

»  Proc.  California  Acad.  Nat.  Sci.,  vol.  3, 1866,  p.  218. 
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AMPHTTHALAldnS  INCLUSUS  C«ip«iter. 

AmphUhalamtLS  inclusus  Carpenter,  Ann.  Mag.  Nat.  Hist.,  eer.  3,  vol.  15,  1866, 
p.  181. 

Shell  elongate-ovate,  purplish  brown  with  the  nuclear  whorls 
yellowish  white.  Nuclear  whorls  about  one  and  one-half,  well- 
rounded,  marked  by  about  15  slender,  equal  and  equally  spaced, 
spiral  threads  and  numerous,  very  fine,  axial  threads,  lending  the 
surface  a  very  minutely-pitted  appearance.  Post-nuclear  whorls 
subtabulatedly  shouldered  at  the  summit,  well  rounded  on  the 
middle,  marked  by  fine  lines  of  growth  only.  Suture  well  impressed. 
Periphery  of  the  last  whorl  marked  by  a  rather  broad,  low,  rounded, 
spiral  thread,  which  is  separated  from  the  space  posterior  to  it  by  a 
narrow,  shallow,  spiral  sulcus.  Anteriorly,  this  cord  passes,  without 
demarcation,  into  the  general  surface  of  the  moderately  long  and 
gently  rounded  base.  Base  broadly  umbilicated,  having  a  rather 
broad,  low,  spiral  cord  a  little  posterior  to  the  in- 
sertion of  the  columella.  Aperture  oval,  very 
oblique,  reenforced  within  by  an  inner  peristome 
which,  in  the  anterior  portion  of  the  outer  lip,  fuses 
with  it,  while  the  columellar  portion  and  the  par 
rietal  portion  stand  at  a  considerable  distance  from 
the  columella  and  the  parietal  wall,  being  connected 
with  these  by  a  concave  bridge  of  shelly  matter; 
columella  moderately  long  and  stout. 

Doctor  Carpenter's  co types,  three  specimens  (Cat. 
Fia.  2.-AMPHrrHALA-  No.  15573,  U.S.N.M.),  come  from  San  Diego,  Cali- 
p^eT"^'  ^^^  fomia.  The  largest  of  these  has  two  and  one-half 
post-nuclear  whorls,  and  measures:  Length  1.4  mm., 
diameter  0.9  mm.  Cat.  No.  105464,  U.S.N.M.,  contains  two  speci- 
mens, also  from  San  Diego,  and  Cat.  No.  213540,  U.S.N.M.,  contains 
one,  from  Catalina  Island,  CaUfomia. 

AMPBITHALAMUS  TENUIS,  new  ipedet. 

Shell  elongate-ovate,  dark  greenish  horn-color,  with  the  columella 
and  the  aperture  yellowish  white,  excepting  the  dark  edge  of  the 
peristome.  Nuclear  whorls  one  and  one-half,  well  roimded,  marked 
by  about  15  slender,  equal  and  equally  spaced,  spiral  threads  and 
numerous,  very  fine,  axial  threads,  lending  the  surface  a  very  mi- 
nutely-pitted appearance.  Post-nuclear  whorls  very  narrowly  sub- 
tabulatedly shouldered  at  the  summit,  well  rounded,  smooth  except- 
ing fine,  incremental  lines.  Suture  moderately  impressed.  Periph- 
ery of  the  last  whorl  well  rounded.  Base  long,  well  rounded,  bearing 
a  low,  broad,  spiral  cord  on  its  middle,  which  bounds  the  posterior 
termination  of  the  white  area.    Aperture  oval,  very  oblique;  peris- 
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tome  double,  the  inner  fusing  with  the  anterior  portion  of  the  outer 

lip,  while  posteriorly  it  is  distinct  and  at  a  considerable  distance 

from  the  columella  and  the  parietal  wall;  the  space 

between  the  columella,  parietal  wall  and  the  inner 

peristome  is  bridged  over  by  a  concave  band  of  shelly 

matter. 

The  type  (Cat.  No.  213541,  U.S.N.M.)  has  two  and 
a  half  post-nuclear  whorls  and  measures:  Length 
1.1  mm.,  diameter  0.7  mm.  It  and  another  specimen, 
entered  under  the  same  catalogue  number,  were  taken 
from  sea  moss  at  La  JoUa,  California,  by  Mr.  F.  W. 
Kelsey,  in  whose  collection  there  are  nine  additional 
specimens  from  the  same  locaUty.  Another  specimen 
(Cat.  No,  32374,  U.S.N.M.)  comes  from  Monterey, 
California,  while  seveiiteen  more  (Cat.  No.  186026,  U.S.N.M.)  were 
taken  from  mossy  rocks  at  low  tide  at  San  Diego,  California. 


FiQ.  8.— Amphitha- 

LAMU8     TENUIS 
BABT8CH. 
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DESCRIPTIONS  OF  NEW  HYMENOPTERA.    No.  3. 


By  J.  C.  Crawford, 

AstittarU  Curator ,  Divmon  of  Insects,  U.  S,  Natumcd  Museum. 


Most  of  the  species  described  in  this  paper  were  received  for  deter- 
mination through  the  Bureau  of  Entomology,  United  States  Depart- 
ment of  Agriculture,  and  are  of  economic  importance.  The  figures 
made  to  illustrate  certain  details  were  all  drawn  with  the  aid  of  the 
camera  lucida.  Comparative  measurements  were  made  with  an 
eye-piece  micrometer  used  in  the  Zeiss  binocular  microscope. 

Superfamily  APOIDEA. 

HAUCTUS  SAKSONI,  lu 


Female: — Length  about  7  nun.  Belongs  to  the  group  with  no 
obsolescent  wing  veins  and  hair  bands  on  the  apical  margins  of  the 
abdominal  segments.  Black,  the  mesonotum  with  a  greenish' luster; 
face  above  insertion  of  antennsB  closely  punctured  and  finely  lineolated ; 
below  the  antennaB  the  pimctures  sparser;  clypeus,  supraclypeal 
area,  and  sides  of  face  below,  smooth,  polished  and  with  a  few  scat- 
tered punctures;  facial  quadrangle  subquadrate,  the  clypeus  dis- 
tinctly produced;  mesoscutxmi  and  scutellum,  smooth,  shiny,  the 
punctures  small,  separated  from  each  other  by  more  than  the  width 
of  a  puncture;  metanotum  closely,  finely  rugoso-punctate  and  tomen- 
tose;  propodeum  finely  rugulose  and  minutely  reticulate,  the  rugulsB 
reaching  the  apex  of  the  propodeiun  only  medially;  truncation  not 
surrounded  by  a  salient  carina;  wings  hyaline,  veins  and  stigma  honey 
colored;  second  submarginal  cell  narrowed  anteriorly,  receiving  the 
first  recurrent  vein  much  before  apex;  third  submarginal  almost 
twice  as  long  as  the  second,  narrowed  one-half  anteriorly;  legs  dark 
brown,  the  pubescence  yellowish-white,  that  on  the  inner  side  of  hind 
tarsi  more  yellowish;  inner  spur  of  hind  tibiad  with  about  six  short 
teeth;  abdomen  brownish,  with  very  slight  metallic  luster,  polished, 
and  finely,  sparsely  punctured ;  beyond  the  second  segment,  the  abdo- 
men very  finely  transversely  rugosely-lineolate;  hair  bands  white, 
those  on  segments  one  and  two  interrupted  medially  (worn?). 

HabiUU. — ^Banff,  Alberta,  Canada. 

Type.— Cs^t.  No.  13753,  U.S.N.M. 
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One  specimen  sent  by  Mr.  N.  B.  Sanson,  curator  of  the  Rocky- 
Mountains  Park  Museum,  with  the  additional  information  that  the 
specimen  was  taken  on  the  **Anthracite  Road,  altitude  4,700  ft.,  on 
June  17,  1908/' 

Named  in  honor  of  Mr.  Sanson. 

Owing  to  the  sparse  punctures  of  the  mesoscutum,  as  well  as  other 
characters,  this  species  does  not  at  all  resemble  the  species  of  the 
provancheri  group,  nor  is  it  at  all  similar  to  any  of  the  species  without 
any  green  onjthem. 

Supcrfamily  PROCTOTRYPOIDEA. 
Family  SCELIONIDiE. 

SCBUO  PULCHBLLUSp  new  apeciet. 

Female. — Length  about  3.75  mm.  Black,  scape,  pedical  and  first 
two  or  three  joints  of  antennae  (the  i^st  missing),  and  legs,  including 
C0X8B,  fulvous,  the  coxae  somewhat  darker;  head  smooth,  poUshed, 
with  a  few  scattered,  fine  punctures;  occipital  foraminal  depression 
margined,  semicircularly  striate;  pronotum,  mesocutum  and  scu- 
tellum,  coarsely  reticulately  rugose,  a  transverse  area  on  middle  lobe 
mesocutum  between  anterior  ends  of  parapsidal  furrows  with  a  few 
large  shallow  scattered  punctures;  parapsidal  furrows  apparent; 
parapsidal  areas  smooth,  wth  large  shallow  punctures;  propodeum 
reticulate,  at  apex  with  two  large  smooth  spots;  mesopleurse  horizon- 
tally striate,  metapleurse  reticulate;  wings,  except  bases,  dusky;  seg- 
ments one  and  two  of  abdomen  longitudinally  striate,  segment  two 
depressed  at  base;  segment  three  finely  reticulate,  segment  four  with 
similar  sculpture  at  base,  the  apex  and  lateral  margins  smooth;  fol- 
lowing segments  hardly  sculptured,  ventral  segments  one  and  two 
longitudinally  striate,  segment  three  with  an  area  on  each  side  of 
middle,  punctured,  segment  four  with  similar  smaller  area. 

Habitat. — ^Lake  Cowal,  New  South  Wales. 

One  specimen  bred  from  eggs  of  the  "small  plague  locust"  (which 
Mr.  A.  N.  CaudeU  says  is  the  common  name  of  (Jhortoicetes  ptLsiUa 
Walker),  and  sent  by  Mr.  W.  W.  Froggatt  imder  his  number  96. 

Type.—Csit.  No.  13968,  U.S.N.M. 

The  sparse  punctures  of  the  head  separate  this  species  from  the  spe- 
cies of  this  genus  described  from  Australia. 


SCBUO  FROGOATn,  m 

Female. — ^Length  5  mm.  Black,  legs  including  coxse  fulvous;  face, 
cheeks,  rear  of  head  and  thorax  coarsely  reticulately  rugose;  antennal 
fossa  hardly  depressed,  smooth  for  two-thirds  the  length  of  the  scape; 
lower  part  of  face  with  striae  converging  toward  mouth  parts;  lateral 
ocelli  about  one-half  their  own  width  from  eyes;  head  deeply  exca- 
vated behind,  the  occipital  foraminal  depression  margined;  antennae 
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dark  brown;  first  joint  of  fnnicle  conical,  about  as  long  as  pedicel; 
following  joints  transverse;  parapsidal  furrows  obliterated  by  the 
coarseness  of  the  sculpture;  propodeum  longitudinally  rugose;  lateral 
hind  angles  of  propodeum  produced;  inflexed  sides  of  pronotum 
coarsely  reticulately  rugose,  but  not  as  coarse  as  dorsum;  mesbpleursB 
coarsely  punctured;  metapleuraB  reticulately  rugose;  wings,  except 
the  hyaline  bases,  dusky;  abdomen  strongly  longitudinally rugulose, 
narrow  apical  margins  of  the  segments  smooth;  segment  two  strongly 
depressed  at  base;  venter  more  finely  longitudinally  rugose,  the 
rugfiB  failing  medially  and  apically. 

Male. — Unknown. 

Habitat. — Qiilders,  Queensland. 

Type.— Ce^t.  No.  13967,  U.S.N.M. 

Two  specimens  bred  from  the  eggs  of  the  "Plague  locust"  (which 
Mr.  Caudell  says  is  the  common  name  of  Ohortoicetes  terminifera 
Walker),  by  Mr.  W.  W.  Froggatt  and  sent  by  him  under  his  number  95, 

Named  in  honor  of  the  sender. 

SCEUO  VULGmXTS,  now  BpedM. 

Female. — Length  about  3.5  mm.  Head  and  thorax  black,  abdo- 
men dark  brown,  legs  fulvous,  the  cox»  somewhat  darker  in  color; 
scape,  pedicel  and  basal  joints  of  funicle,  fulvous;  apical  joints  of  an- 
tennae brown;  head  smooth,  poUshed,  with  a  few  scattered,  small 
punctures,  sides  of  face  below  with  a  few  stri»  converging  toward 
mouth  parts;  occipital  foraminal  depression  margined,  vertically 
striate;  dorsum  of  pronotum  coarsely  rugose  laterad;  parapsidal  fur- 
rows apparent,  consisting  of  a  row  of  large  pits;  parapsidal  areas  with 
a  few  very  large  scattered  punctures;  anterior  half  of  median  lobe 
similarly  sculptured,  the  posterior  half  with  close  large  punctures,  the 
medial  punctures  smaller  than  those  laterad;  scutellum  with  large 
punctures  separated  from  each  other  by  about  half  the  width  of  a 
puncture;  propodeum  closely,  coarsely,  irregularly  punctured,  the 
punctures  laterad  resembling  thimble-Uke  punctures;  posterior  half 
of  mesopleursB  longitudinally  striate,  the  anterior  half  smooth,  with  a 
few  punctures;  metapleur©  with  sculpture  Uke  the  propodeum;  wings 
dusky  with  hyaline  bases;  abdomen  finely  longitudinally  striate,  the 
apical  margins  of  the  segments  smooth;  segment  five  with  a  median 
area  which  is  not  striate;  venter  longitudinally  striate  with  the  mid- 
dle of  the  segments  smooth. 

Hahitat. — New  Soulh  Wales. 

Three  specimens  sent  by  Mr.  W.  W.  Froggatt,  during  1900  under 
number  60  with  the  additional  record  "  parasitic  in  the  eggs  of  Pachy- 
tylus  australia.^^ 

Type.— C^i.  No.  13969,  U.S.N.M. 

Separated  at  once  from  the  preceding  by  the  strisB  on  the  face,  and 
the  sparsely  pxmctured  mesonotum. 
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TELBNOMUS  DALMANI  (RitzebttrK)  Mayr. 

The  collections  of  the  United  States  National  Museum  contain  speci- 
mens of  this  species  reared  from  the  eggs  of  Orgyia  antigua  in  England 
by  Miss  A.  Taylor  and  also  others  from  Holland  from  the  same  host. 
There  is  also  a  series  from  Ottawa,  Canada,  from  the  same  host, 
which  are  entirely  identical  with  the  European  specimens.  The 
species  described  as  T.  jlskei  by  Brues  is  undoubtedly  this  species. 

TBLENOMUS  ABNORIIZS,  new  ipedM. 

Female. — ^Length  0.75  nun.  Belongs  to  the  group  having  the 
antennae  with  only  ten  segments;  black,  the  legs,  including  coxbb  and 
antennsB,  except  club,  testaceous;  club  of  antennae  4-jointed  (fig.  1); 
pedicel  slightly  longer  than  first  joint  of  funicle;  lower  part  of  face 
finely  reticulated;  along  inner  margin  of  eyes  a  single  row  of  punc- 
tures; above  insertion  of  antennse  a  smooth  space;  ocellar  area  finely 
reticulated;  mesonotum  finely  closely  punctured,  appearing  almost 

granular;  scutellum  smooth,  poUshed, 
with  a  few  punctures  around  the  edge, 
metanotum  rugose;  first  segment  of 
abdomen  strongly  striate  for  almost  the 
whole  length;  striae  on  segment  two 
longer  than  first  segment  of  abdomen; 
segment  two  at  base  pitted  between 
the  striae;  second  segment  about  as  long 
as  wide. 

'""■^''o^'riSS.^T.""..^""        ifaZ..-Length  0.75  mm.    SimUar  to 

the  female,  the  sculpture  of  the  face  and 
thorax  stronger;  joints  of  flagellum  except  first  one,  subquadrate. 
-ffaJito^-^Deli,  Sumatra. 

Many  specimens  reared  from  lepidopterous  eggs  (said  by  Dr.  H.  G. 
Dyar  to  be  Liparidae  or  Notodontidae)  by  Dr.  L.  P.  de  Bussy  and  sent 
under  his  number  3. 

rype.-^at.  No.  13879,  U.S.N.M. 

r.  dalmani  (Ratzeburg)  Mayr,  which  in  the  female  has  10  jointed 
antennae,  is  larger,  has  the  pedicel  and  first  joint  of  funicle  more 
elongated,  the  latter  slightly  longer  than  the  pedicel,  and  the  club  of 
antennae  distinctly  five-jointed  in  the  female;  in  the  male  the  second 
and  third  joints  of  the  funicle  are  elongate. 

DISSOLCnS  TETARTUS,  new  ipedM. 

Female. — ^Length  0.75  mm.  Black,  the  first  abdominal  segment 
red;  the  legs,  including  most  of  coxae,  and  antennae,  except  club, 
flavous;  first  joint  of  funicle  about  as  long  as  pedicel;  the  second 
shorter,  the  third  quadrate,  the  fourth  transverse;  cheeks  and  face 
below  eyes  vertically  striate;  face  with  a  carina  on  each  side  that 
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follows  inner  orbits  of  eyes  but  below  continues  to  mouth;  another 
carina  at  each  side  of  antennal  fossa,  these  also  continuing  to  mouth 
parts;  space  between  these  two  sets  of  carinsB  coarsely  punctured; 
mesoscutum  strongly  reticulated  wdth  impressed  lines,  appearing 
scaly;  scutellum,  finely  rugose;  apical  margin  of  scutellum  and 
metathorax  at  base  each  with  a  row  of  pits  separated  by  strong 
carinse;  base  of  scutellum,  especially  laterally,  and  lateral  margin 
of  lateral  lobes  of  mesoscutum  with  a  row  of  similar  pits ;  first  abdomi- 
nal segment  striate  at  base;  second,  except  laterally  where  it  is 
smooth,  striate  almost  to  apex. 

Male. — Unknown. 

Habitat. — Medan,  Deli,  Sumatra. 

Type.—€a,U  No.  13880,  U.S.N.M. 

Sixteen  specimens  reared  from  eggs  of  an  unknown  host  by  Dr. 
L.  P.  de  Bussy. 

Superfamily  CHALCIDOIDEA. 

Family  CHALCIDIDiE. 

HALTICHBLLA  STOKSSI,  new  tpeciea. 

Female. — ^Length  5  mm.  Black,  lower  margins  of  abdominal 
segments  reddish-brown;  tegulae  and  legs,  including  coxsb,  red;  head 
closely,  coarsely  punctured;  facial  excavation  bounded  by  a  carina 
which  includes  anterior  ocellus;  carina  at  top  of  antennal  fossa  situ- 
ated just  in  front  of  anterior  ocellus;  pronotum  sculptured  about  as 
head ;  mesonotum  with  somewhat  finer  punctures,  separated  by  about 
a  puncture  width;  scutellum  with  an  apical  emarginate  plate;  pro- 
podeum  with  lateral  angles  produced;  mesopleursB  longitudinally 
rugose,  posterior  part  of  mesopleurse,  metapleursB,  and  sternum  umbili- 
cately  rugoso-pimctate;  wings  with  a  small  infuscated  spot  covering 
marginal  vein  and  extending  about  half  way  across  wing;  apicad  of 
this  a  slightly  smaller  discal  spot;  postmarginal  vein  longer  than 
marginal;  abdomen  smooth,  polished,  the  apical  segments  finely 
reticulately  lineolated. 

Male. — Length  4  mm.  Similar  to  the  female,  pimctures  of  meso- 
thorax  closer;  wings  hyaline;  front  legs  black,  intermediate  legs 
brownish  black,  posterior  tibiae  with  basal  two-thirds  fuscous;  all 
tarsi  slightly  Ughter  than  their  tibiae. 

HabiUU.-— Glen  Innes,  New  South  Wales. 

Type.— Cat.  No.  13971,  U.S.N.M. 

One  of  each  sex  sent  by  Mr.  Froggatt  under  his  number  107  with 
the  additional  record  '*in  codlin  moth,  2-3-09,  W.  S.  Stokes." 

Named  in  honor  of  the  collector. 

Of  the  species  of  this  genus  described  from  Australia  by  Walker, 
fabricaior,  indignaior,  and  irUemata  are  said  to  have  the  scutellum 
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unarmed  and  proxenus,  described  from  a  male,  has  black  legs;  dexius, 
a  male,  has  red  legs;  eracon  has  black  legs;  nyssa  has  a  red  abdomen 
and  the  legs  partly  black;  indignator  has  the  legs  partly  black;  H. 
bicolor  Ashmead  has  the  abdomen  entirely  red. 

CHALCIS  COMPSILUILS,  new  species. 

Female. — ^Length  about  4.25  mm.  Black,  the  tegulse  and  the  legs 
in  part,  yellow;  head  and  thorax  coarsely,  umbilicately  punctured; 
carina  at  front  of  malar  space  dividing  before  reaching  eye,  one  branch 
running  up  anterior  orbits  the  other  directed  backward ;  there  is  also 
a  branch  running  to  eye;  malar  space  weakly  sculptured;  depressed 
apical  margin  of  scutelliun  emarginate;  lateral  projections  on  pro- 
podeum  obsolete;  wings  subhyaUne;  front  and  intermediate  legs 
beyond  middle  of  femora,  a  large  spot  at  apices  of  hind  femora,  hind 
tibiae,  except  bases  and  a  median  black  annulus,  and  hind  tarsi 
entirely,  yellowish;  hind  coxsb  without  a  tubercle;  hind  femora  on 
inner  side  distinctly,  finely,  closely  punctured  and  without  a  tubercle 
on  inner  side  near  base;  lower  margin  of  hind  femora  with  a  large 
triangular  tooth  near  middle  and  between  it  and  the  apex  eight  or 
nine  smaller  ones. 

McUe. — ^Length  about  4  nmi.  Similar  to  the  female,  except  in 
secondary  sexual  characters. 

Type^ocality. — Wisconsin. 

Other  locality:  Massachusetts. 

Types  reared  from  tachinid  puparia  from  Pine  Tussock  moth  at  the 
Gipsy  Moth  Laboratory  at  Melrose  Highlands,  Massachusetts,  and 
recorded  imder  their  number  4623  Bb  (female)  and  4628  D  (male). 

Seven  paratopotypes  with  the  same  record  are  recorded  under 
numbers  4610a,  4650  Ta,  4651  Ta  (one  each);  4655  T  (four). 

Five  paratypes  under  numbers.  4355  A,  4338  E,  493,  1280  ai,  from 
Massachusetts  were  reared  from  puparia  of  CompsUura  condnnata. 

Type,— Chi.  No.  13802,  U.S.N.M. 

This  species  has  the  malar  carina  and  the  markings  of  the  hind 
legs  about  as  in  paraplesia  and  minuta  but  the  absence  of  the  tubercle 
on  the  hind  femora  and  the  distinct  close  pimctures  of  the  inner  side 
of  the  hind  femora  readily  separates  them.  The  males  are  harder  to 
separate  from  the  males  of  the  other  species  but  the  absence  of  the 
lateral  projections  on  the  propodeum  added  to  the  other  characters  is 
satisfactory. 

CHALCIS  THRACIS,  new  i 


Male. — ^Length  5  mm.  Black;  tegulse,  knees,  bases  and  apices  of 
front  and  middle  tibisB,  a  line  on  front  of  anterior  tibiae,  spot  at  apex 
of  bind  femora,  a  spot  on  outer  side  near  base  of  hind  tibiae  and  one  at 
apex  and  all  tarsi,  yellow;  carina  at  front  of  malar  space  dividing 
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before  reaching  eye,  one  branch  directed  backward,  the  other  weaker, 
running  up  inner  orbits  to  join  a  few  vertical  rugs©  which  extend  to 
summit  of  eye;  face  below  insertion  of  antennae  finely  rugoso-punct ate; 
above,  coarsely,  reticulately,  umbihcately  punctured;  pronotum  and 
mesonotum  coarsely,  closely,  umbilicately  punctured,  the  walls  be- 
tween the  punctures  flattened  and  finely  lineolate;  disk  of  lateral 
lobes  of  mesoscutum  toward  rear  with  a  space  in  which  the  punc- 
tures are  subobsolete;  propodeum  without  lateral  angular  projec- 
tions; wings  glassy  hyaline;  hind  femora  closely  minutely  punctured 
on  outer  side,  the  punctures  coarser  and  closer  along  upper  edge;  inner 
side  of  hind  femora  distinctly,  finely  punctured  and  without  a  tubercle 
on  lower  margin  near  base. 

Female. — ^Unknown. 

Habitdt, — ^Manila,  Philippine  Islands. 

Three  specimens  reared  from  the  pupsB  of  Erianota  thrax  Lin- 
nsBus,  D.  B.  Mackie,  collector. 

Type.— Cat.  No.  13870,  U.S.N.M. 

Received  through  the  Bureau  of  Entomology,  United  States  De- 
partment of  Agriculture,  from  Mr.  C.  M.  Conner,  of  the  Philippine 
Bureau  of  Agriculture. 

Family  EURYTOMIDiE. 

BURTTOMA  NBSIOTBS,  m 


This  is  proposed  to  replace  E.  fulvipes  Crawford,  1910,  not  of 
Fitch. 

EDRTTOBCA  PTBRHOCSRUS.  new  ipeclM. 

Female. — ^Length  4  mm.  Black,  the  antennse  fulvous,  the  club  and 
pedicel  fuscous;  face  with  coarse  irregular  imibilicate  punctures; 
clypeus  medially  smooth;  first  joint  of  funicle  almost  twice  as  long  as 
pedicel,  following  joints  of  funicle  successively  shorter,  the  last 
slightly  longer  than  wide;  the  back  of  head,  pronotum,  and  mesono- 
tum with  crowded  umbilicate  punctures;  pronotum  about  twice  as 
wide  as  long;  posterior  face  of  propodeum  with  thimble-like  pxmc- 
tures  and  medially  a  vertical  row  of  irregular,  shallow  pits  bounded 
laterally  by  two  quite  regular  rugCB;  sides  of  propodeum  coarsely 
irregularly  rugose;  prepectus  almost  smooth;  mesopleursB,  except 
the  anterior  margin,  horizontally  striate,  with  punctures  between  the 
striflB;  metapleursB  coarsely  rugose;  marginal  and  postmarginal 
veins  subequal  in  length,  the  stigmal  shorter;  coxae  black,  trochanters 
fulvous;  femora  black,  the  tips  and  extreme  bases  and  a  line  on  front 
of  anterior  ones,  fulvous;  tibia  fulvous,  the  tips,  together  with  the 
tarsi,  whitish;  abdomen  elongate,  polished,  the  sides  of  the  segments 
punctured;  segments  1-3  subequal,  4  slightly  longer  than  3. 
94428^— Proc.N.M.Vol  41—11 18 
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MaU. — ^Unknown. 

Habvtai. — Glen  Innes,  New  South  Wales. 

Two  specimens  sent  by  Mr.  W.  W.  Froggatt  under  his  number  107 
with  the  additional  record  "in  codlin  moth,  W.  S.  Stokes." 

Type.—CB.L  No.  13970,  U.S.N.M. 

In  addition  to  the  fulvous  antennsB  this  species  is  separated  from 
some  of  the  other  forms  by  the  following  characters: 

The  enlarged  stigmal  knob  distinguishes  E.  eucalypti  Ashmead; 
E.  binotata  has  a  whitish  spot  on  each  side  of  the  pronotum,  the  legs 
lighter  color  and  the  propodeum  rugose;  E,  avstraliensis  has  the  pro- 
podeum  rugose  and  the  fourth  segment  of  the  abdomen  fully  as  long 
as  segments  1-3  combined. 

BEPHRATA  CXTBBNSIS  AthmMd. 

Mr.  Patricio  Cardin  has  sent  to  the  Bureau  of  Entomology,  United 
States  Department  of  Agriculture,  from  Santiago  de  la  Vegas,  Cuba, 
two  females  of  this  species,  with  the  record  that  they  were  reared 
from  seeds  of  Anona  species. 

This  record,  together  with  the  one  for  the  following  species,  con- 
stitute, so  far  as  is  known  to  the  author,  the  first  rearing  records 
for  this  genus  and  add  the  genus  to  the  list  of  those  which  are 
phytophagous. 

BEPHRATA  PARAOUATBNSIS,  new  species. 

Female. — ^Length  about  5  mm.  Entirely  reddish-testaceous;  scape 
and  pedicel  testaceous,  rest  of  antennae  brown;  first  joint  of  funicle 
twice  as  long  as  pedicel  and  two-thirds  as  long  as  scape;  the  joints 
of  the  funicle  gradually  decreasing  in  length  (see  fig.  2);  club  slightly 

longer   than    joint   one    of 
funicle;    head    and    no  turn 
of  thorax  coarsely,  closely, 
FIG.  2.-BBPHRATA  PARAouATSNSB.   OUTLINE  OF       umbilicatelv  puucturcd  I  the 

ANTENNA  or  rXMALE.  ^  ,  !•    i         # 

punctures,  except  on  disk  of 
scutellum,  separated  only  by  a  narrow  wall;  space  between  punctures 
when  more  than  a  thin  wall,  finely  lineolated;  propodeum  and  meta- 
pleurse  reticulately  umbilicately  punctured;  mesopleurae  longitudi- 
nally striate;  wings  dusky;  petiole  short;  abdomen  about  as  long  as 
head  and  thorax  combined. 

Male. — ^Length  about  4  mm.  Similar  to  the  female,  but  the  petiole 
longer,  the  dorsum  of  thorax  with  black  on  the  disk,  the  first  joint 
of  the  funicle  almost  as  long  as  the  scape,  the  following  joint  succes- 
sively slightly  shorter,  the  club  hardly  longer  than  the  last. 

Habitat, — Paraguay. 

Reared  from  seeds  of  Anona  species  received  at  the  United  States 
Department  of  Agriculture. 

Type.—Cfii.  No.  13801,  U.S.N.M. 
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Fanuly  PERILAMPID^. 

PBRILAMPUS  NBSIOTBS,  new  species. 

Female. — ^Length  4  mm.  Above  black,  with  bluish  reflections 
in  places,  the  face  bluish  or  greenish,  the  pleurae  more  bluish  than 
the  dorsum,  the  legs  blue;  face  smooth;  facial  excavation  with  a 
carina  on  each  side  near  eyes,  extending  downward  to  about  middle 
of  eyes;  anterior  ocellus  at  the  head  of  this  depression;  rear  of  head 
circularly  striate;  mesonotum  closely,  coarsely  punctured;  inner  edges 
of  lateral  lobes  of  mesoscutum  with  a  broad  smooth  area;  wings  hya- 
line; tarsi  whitish. 

One  specimen  reared  from  a  Prodenia  larva  at  Medan,  Deli,  Suma- 
tra, by  Doctor  de  Bussy. 

Type.—CB,t  No.  13875,  U.S.N.M. 

Family  ENCYRTID^. 

Genus    LECANIOBIUS    Ashmead. 

Zalophothrix  Crawford. 
The  front  femora  in  the  type  species  of  this  genus  are  distinctly 
swollen,  and  the  genus  will  not  therefore  run  where  it  was  placed  by 
Doctor  Ashmead  in  his  tables.    On  this  account  the  genus  was  over- 
looked by  me  and  Z.  mirum  Crawford  is  L,  cockereUi  Ashmead. 

Tribe  ENCYBTINI. 

SOP^ENCYRTUS,  new  genus. 

Mandibles  at  apex  apparently  blunt,  almost  edentate,  antennse 
inserted  on  the  middle  of  the  face,  elongate,  the  scape  over  twice  as 
long  as  the  distance  from  insertion  of  antennae  to  anterior  ocellus; 
pedicel    short,   slightly   longer    then   wide;  one   ring-joint;  funicle 

6-jointed,  first  joint  of  funicle  as  long 
as  distance  from  insertion  of  antenn© 
to  anterior  ocellus,  joints  3-6  sub- 
equal,  2  shorter ;  club  showing  only  one 
joint;  viewed  in  profile,  the  thorax 
above  greatly  rounded,  especially  the 
scutellum;  axillsB  meeting  medially; 
FiQ.s.-sopmENCYRTusTowNSENDi.  wiNo    proDodcum  elongate  I  mareinal  vein 

OF  FEMALE.     BHADINQ  TO  SHOW  INFUSCATION.        h'*^h'"^"""*     cxvrx*g»w«,     uxcu^xucm     tv*«. 

thickened,  as  long  as  postmarginal  or 

stigmal  (see  fig.  3 ) ;  anterior  wings  with  two  inf  uscated  areas ;  wings  with 

marginal  fringes;  hind  tibisB  with  two  apical  spurs,  one  very  small. 

The  mandibles  in  the  only  specimen  are  partially  covered  by  the 

labrum  and  the  dentition  is  hard  to  see.    The  general  aspect  of  the 
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insect  seems  to  place  the  species  in  the  Encyrtini  rather  than  in  any- 
other  group,     liie  shading  in  the  figure  of  the  wing  is  intended  only 
to  give  an  idea  of  the  general  shape  of  the  infuscated  areas. 
Type  of  the  genus, — S,  tovmsendi  Crawford. 

SOPHSNCTRTUS  TOWITSBNDI,  new  species. 

Female, — ^Length  2.25  mm.  Brownish  black;  antennae  light  brown; 
head  broader  than  thorax,  thin  anterio-posteriorly,  excavated 
behind,  the  vertex  carinated  medially  and  laterally  sharply  angu- 
lated;  lateral  ocelli  touching  carinated  edge;  head  about  one-third 
broader  than  high;  face  finely  lineolate,  above  insertion  of  antenn» 
becoming  indistinct;  mesoscutum  anteriorly  finely  transversely  lineo- 
lated,  posteriorly  smooth;  dorsal  part  of  axillae  finely,  deeply,  closely 
punctured,  the  obUque  part  smooth;  scutellum  basally  with  fine, 
deep,  crowded  punctures,  rest  of  scutellum,  except  smooth  apical 
portion,  semicircularly  striate,  so  that  from  above  the  scutellum 
appears  more  conical  than  it  really  is;  propodeum  and  pleurae  smooth; 
legs  brown,  knees,  apices  of  tibiae,  and  the  tarsi  lighter;  wings,  except 
infuscated  spots,  hyaline;  abdomen  smooth,  polished. 

Male. — ^Unknown. 

Hdbitai, — ^Piura,  Peru. 

Type.— Csi.  No.  13869,  U.S.N.M. 

Described  from  one  specimen  received  through  the  Bureau  of  Ento- 
mology from  Prof.  C.  H.  T.  Townsend,  who  reared  it  from  the  abdo- 
men of  an  adult  StenomacrajSp,  and  sent  it  under  his  number  10010°3a. 

Professor  Townsend,  in  a  letter  to  Dr.  L.  0.  Howard,  says  regarding 
this  species: 

This  parasite  exactly  counterfeits  the  small  black  ants  that  make  their  nests  in 
mesquite  trunks  and  are  always  running  up  and  down  the  trunks  among  the  Stenoma- 
eras,  but  never  molesting  the  latter.  The  parasite  in  life  holds  its  black-barred  wings 
tightly  appreased  to  body,  so  that  they  are  quite  invisible.  Even  with  a  lens  I  thought 
the  parasite  was  wingless.  After  death  the  wing  muscles  relaxed,  and  I  was  surprised 
to  note  the  wings  at  the  first  glance  with  the  lens.  The  form  of  the  body  and  the 
color  are  both  quite  like  the  ant,  but  I  could  see  by  its  movements  in  life  that  it  was 
not  an  ant,  and  that  with  the  naked  eye.    It  jumps  when  disturbed. 

Tribe  MIBINI. 
LEUROCERUS,  new  genus. 

Belongs  to  the  series  in  which  the  female  has  greatly  dilated  and 
flattened  foliaceous  antennae;  front  prominent  and  with  fine  thimble- 
like punctures  interspersed  with  larger  ones;  antenn»  with  6- jointed 
funicle,  the  joints  of  the  club  fused  (fig.  4) ;  facial  impression  bounded 
by  an  angulation  but  not  carinated;  lateral  ocelli  touching  eyes  and 
nearer  to  each  other  than  to  the  anterior  ocellus;  axill®  not  touching 
medially;  scutellum  without  an  apical  tuft  of  hairs;  wings  fuscous, 
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with  a  short,  narrow,  hyaline  streak  directed  backward  from  just 
apicad  of  the  end  of  the  postmarginal  vein  and  reaching  a  little 
caudad  of  the  end  of  the  stigmal  vein;  marginal  vein  punctiform, 
stigmal  longer  than  the  postmarginal  (fig.  5). 

In  Doctor  Ashmead's  classification  of  the  tribe  *  this  genus  would 
run  to  Zarhopalus,  a  genus  which  does  not  have  the  foliaceous  anten- 
na and  which  has  the  postmarginal  and  stigmal  veins  greatly  elon- 
gated, the  lateral  oceUi  distinct 

from  the  margin  of  the  eye  and  . 'TCl/lflfTf 

nearer  to  the  anterior  ocellus        /^  ^f  Jf ) 

than  to  each  other  ^  Nl  n  i 

In  general  appe 
genus  most  resembles  Cerapte- 


In  general  appearance  this      ^^--^.^^^  J^\ 


rocerus    and    Eusemion,    two    ^^-  *-l«u«>cebu8  oyivorus.  outline  of  an- 

f  (/«/of  tvo       M>x<\A        .L^M/v«/f(vv\^fv,        v»»v  TKNNA  OP  FEMALE. 

genera  which  have  the  club  of 

the  antennae  segmented  and  the  marginal  vein  elongate,  in  addition  to 
the  characters  given  in  the  above  description.     The  genus  is  of  especial 
interest,  since  the  genera  it  most  resembles  are  parasites  of  scale  insects. 
Type  of  the  genus. — L.  ovworus  Crawford. 

LBUROCRRUS  OVIVORUS,  new  special. 

Female. — ^Length  about  1.5  mm.  Head  and  thorax  above,  varying 
shades  of  bluish  and  purple;  abdomen,  anteilnae,  and  pleurae  deep 
brown;  facial  impression  except  antenna!  prominence  very  finely 
punctured,  the  punctures  almost  thimble-Uke; 
vertex  at  rear  carinated ;  cheeks  and  sides  of  face 
below  finely  rugulose;  pronotum  finely  trans- 
versely rugulose,  mesonotum  with  fine  shallow 
Fig.  6.-LBU110CBRUS  ovivo-    thimble-like  punctures,  those  on  the  mesoscu- 

Bus.    Detail  of  winq  of      ,  i_    n  xi_    x    xi_  i  x 

FEMALE  sHowwo  VENATION,    tum  SO  shallow  that  they  appear  almost  as 
reticulations;  tegulae  large,  brown,  sculptured 
almost  as  the  mesoscutum;  legs  dark  brown,  tibiae  lighter,  tips  of 
tibiae  and  the  tarsi  entirely,  whitish-testaceous. 
Male. — ^Unknown. 
Habitat. — ^Medan,  Deli,  Sumatra. 
2Vp«.— Cat.  No.  13877,  U.S.N.M. 

Ten  females  reared  from  the  eggs  of  an  unknown  butterfly  and 
sent  by  Doctor  de  Bussy  under  number  7. 

OOBNCTRTUS  PAPn.IONIS  Ailimeed. 

Two  specimens  of  this  were  received  from  the  Philippine  Bureau 
of  Agriculture,  reared  from  the  eggs  of  Erionota  thrax  Linnaeus, 
collected  at  Manila,  Philippine  Islands,  by  Mr.  D.  B.  Mackie. 


>  Memoirs  Carnegie  Museoxn,  vol.  1, 1904,  No.  4,  p.  298  et  seq. 
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Family  PTEROMALID^. 

AGIOMMATUS,  new  genus. 

Belongs  to  the  tribe  Sphegigasterini  as  defined  by  Doctor  Ashjnead; 
mandibles  large,  strongly  4-toothed;  eyes  strongly  converging  above; 
antennfie  inserted  on  the  middle  of  the  face,  IS-jointed,  with  3  ring 
joints,  very  similar  in  the  two  sexes;  lateral  ocelli  hardly  their 
own  width  from  eyes;  cheeks  below  broad,  at  rear  sharply  angu- 

lated;  head  strongly  excavated  behind, 
the  vertex  thin;  parapsidal  fiurow 
incomplete;  abdomen  petiolated,  peti- 
ole slightly  shorter  than  the  hind 
coxae;  anterior  cox»  with  a  distinct 
spine  in  front;  propodeal  spiracles 
elongate;  propodeum  with  a  strong 
^"''-J:'rjrjr:r,^Z.  ^"^    ^^^^  and  a  tra^^sverse  carina  whlcli 

touches  the  caudal  ends  of  the  lateral 
folds  forming  a  depressed  area;  propodeum  with  a  neck;  mar- 
ginal vein  long,  slightly  thickened,  postmarginal  about  two-thirds 
as  long  as  marginal,  stigmal  shorter;  prepectus  with  a  small 
obscure  triangle  above;  hind  tibiae  with  one  spur;  segments  1-3 
of  abdomen  short,  segment  4  longer  than  all  other  segments 
together. 

The  convergent  eyes  and  spine  on  the  front  coxae  readily  dis- 
tinguish this  genus. 

Type  of  the  genus. — A.  sumatraensis  Crawford. 

AGIOMMATUS  SUMATRAENSIS,  new  species. 

Female. — ^Length  about  2.25  mm.  Head  and  thorax  blue  green, 
abdomen  brown;  legs  whitish,  the  coxae  more  testaceous;  antennae 
light  brown,  the  scape  and  pedicel  whitish;  face  finely  rugulosely 
reticulated;  median  lobe  of  mesoscutum,  scutellum  and  most  of 
mesopleurae  with  thimble-like  punctures;  lateral  lobes  of  mesoscutum 
and  axillae  finely  reticulated;  sculpture  of  propodeum  between 
spiracles  similar  to  that  on  scutellum  but  much  finer;  neck  of  propo- 
deum with  a  few  fine  lines. 

Male. — Length  about  2.10  mm.  Similar  to  the  female  except  in 
secondary  sexual  characters. 

Habitat. — Medan,  DeU,  Sumatra. 

Type.— Cat.  No.  13878,  U.S.N.M. 

Seven  specimens  reared  by  Doctor  de  Bussy  from  eggs  which 
Doctor  Dyar  says  are  probably  noctuid. 
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Fanuly  EULOPHID^. 

TBTRASnCHUS  BCHTHRU8,  new  i 


Female. — ^Length  about  2.25  miQ-  Green,  the  antennae  brown  with 
the  scape  and  pedicel  testaceous;  cox»  green,  the  anterior  ones 
partly  brown;  legs  whitish-testaceous;  all  trochanters  brown;  ante- 
rior femora  except  tips,  brown;  intermediate  femora  basally  suflFused 
with  brown,  hind  femora  outwardly  brown  on  the  basal  two-thirds; 
face  finely  lineolate,  above  antennse  with  scattered  large  punctures; 
clypeus^with  a  median  depression;  from  below  insertion  of  each 
antennae  a  shallow  depression  runs  toward  the  median  depression 
of  clypeus  making  a  V;  joints  of  funicle  elongate,  the  first  over 
twice  as  long  as  the  pedicel;  pronotum  with  thimble-like  punctures, 
these  coarser  on  the  inflexed  sides;  mesonotum  very  finely  longitudi- 
nally lineolate,  the  lines  on  the  axillae  more  irregular;  median  furrow 
of  mesoscutum  very  apparent;  pietanotum  finely  rugulose;  propo- 
deum  with  a  median  carina  and  lateral  folds,  the  area  between  them 
finely  rugulose,  almost  resembling  thimble-like  punctures;  lateral 
folds  broadened  at  rear  to  form  a  triangular  area  which  has  thimble- 
like punctures;  laterad  of  the  lateral  folds  the  sculpture  much  finer; 
just  back  of  the  metapleurae  the  surface  finely  lineolated;  prepectus 
and  metapleurae  with  thimble-Kke  punctures;  hind  coxae  caudad 
strongly  rugose;  wings  hyaline,  veins  honey-color;  abdomen  basally 
smooth,  apically  reticulately  lineolated  with  impressed  lines. 

Male. — ^Length  2  mm.  Very  similar  to  the  female  except  in  sec- 
ondary sexual  characters. 

HabiUU. — Deli,  Sumatra. 

Seven  specimens  sent  by  Doctor  de  Bussy  and  probably  a  hyper- 
parasite  of  Apanteles  (Protapanteles)  species. 

Type.—€B.t.  No.  13876,  U.S.N.M. 

Genus  EUPLECTRUS  A^Testwood. 

In  my  table  of  the  species  from  Japan  *  the  names  fuJcaii  and 
Tcuvxmx  should  be  transposed,  as  may  readily  be  seen  from  the  de- 
scription of  the  species. 


BTJFIiBCTRUS  BUSSYI,  m 

Female. — ^Length  about  2.25  mm.  Black,  the  abdomen  with  a 
large  basal  whitish  spot;  venter  largely  whitish;  scape  whitish,  the 
rest  of  the  antennae  light  brownish;  first  joint  of  funicle  distinctly 
longer  than  the  second  joint  or  the  pedicel;  joints  2-4  of  funicle 


I  Proo.  U.  S.  Nat.  Mus.,  vol.  99,  p.  620. 
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almost  subquadrate,  the  second  about  as  long  as  the  pedicel;  face 
above  msertion  of  antennae  very  finely  lineolated;  dorsum  of  pronotum 
smooth,  polished,  the  anterior  truncation  finely  lineolated;  median 
lobe  of  mesonotum  coarsely  rugose,  lateral  lobes  finely  reticulated; 
axillae  smooth;  scutellum  more  coarsely  rugose  than  the  mesoscutum, 
propodemn  twice  as  long  as  the  metanotmn,  with  a  median  carina 
dividing  anteriorly  to  form  the  usual  medial  lip;  hind  coxae  black, 
the  front  and  middle  ones  deep  brown;  hind  femora  largely  black, 
rest  of  legs  reddish  testaceous;  basal  joint  of  hind  tarsi  about  twice 
as  long  as  the  second;  longer  spur  of  hind  tibiae  reaching  slightly 
beyond  apex  of  second  tarsal  joint. 

Male. — Length  about  1.75  mm.  Similar  to  the  female,  the  sculp- 
ture of  the  face  a  little  stronger. 

Type-locality. — ^Medan,  Deli,  Sumatra. 

Nine  specimens,  reared  from  an  unknown  lepidopterous  larva  by 
Dr.  L.  P.  de  Bussy,  after  whom  the  species  is  named. 

Type.— CB,t.  No.  13871,  U.S.N.M. 

The  coarse  sculpture  of  the  scutellum  distinguishes  this  species 
from  any  other  known  from  the  Oriental  region. 

BUPLBCTRUS  MBDANSNSIS,  new  species. 

Female. — Length  about  1.5  nun.  Black,  the  clypeal  area  whitish, 
abdomen  brown,  with  a  large  basal  testaceous  spot;  venter  largely 
testaceous;  antennae  brown,  the  scape  and  pedicel  testaceous;  first 
joint  of  funicle  slightly  longer  than  the  pedicel;  following  joints 
slightly  longer  than  wide,  subequal,  about  as  long  as  the  pedicel; 
face  indistinctly  lineolated;  mesoscutum  finely  rugose,  axillae  and 
scutellum  finely  reticulated  with  impressed  lines;  propodeum  with 
the  usual  median  carina  and  anterior  medial  lip;  l^gs  including 
coxae,  testaceous;  longer  spur  of  hind  tibiae  reaching  slightly  beyond 
apex  of  second  tarsal  joint;  first  joint  of  hind  tarsi  almost  twice  as 
long  as  second. 

Male. — Length  about  1.25  mm.  Similar  to  the  female;  the  an- 
tennae entirely  yellowish,  the  scape  somewhat  dilated  in  front;  legs 
yellowish. 

Habitat. — Medan,  Deli,  Smnatra. 

Type.— Chi.  No.  13872,  U.S.N.M. 

Many  specimens  reared  by  Doctor  de  Bussy  from  an  unknown 
lepidopterous  host. 

This  species  is  related  to  E.  fukaii,  Crawford,  which,  however,  has 
the  first  joint  of  the  funicle  fully  one  and  one-half  times  as  long  as 
the  pedicel,  the  second  joint  of  the  hind  tarsi  almost  as  long  as  the 
first,  the  sculpture  of  the  mesoscutmn  much  coarser  and  is  larger  and 
more  robust. 
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BUPLSCTRUS  INSULANUS,  new  species. 

Female. — ^Length  about  2  mm.  Black,  the  clypeal  area  black; 
abdomen  brown,  with  a  large  basal  testaceous  spot;  the  legs,  includ- 
ing coxffi,  scape  of  antennae,  and  pedicel,  testaceous;  rest  of  antennae 
brown;  first  joint  of  funicle  distinctly  longer  than  pedicel,  succeed- 
ing joints  of  fimicle  elongate,  the  fourth  as  long  as  the  pedicel;  face 
above  insertion  of  antennae,  finely  indistinctly  lineolate;  pronotum 
above  finely  reticulated;  mesoscutum  finely  rugose;  axillae  and 
scuteUum  smooth;  propodeum  with  the  usual  median  carina 
and  anterior  medial  lip;  longer  spur  of  hind  tibiae  reaching  apex  of 
second  joint  of  tarsi;  first  joint  of  hind  tarsi  slightly  longer  than  the 
second. 

Male. — ^Length  about  1,75  mm.  Very  similar  to  the  female,  the 
scape  strongly  dilated  in  front. 

Habitat — Medan,  DeU,  Sumatra. 

Type,—CB,t  No.  13873,  U.S.N.M. 

Seventeen  specimens  reared  by  Doctor  de  Bussy  from  an  unknown 
lepidopterous  host.  This  species  resembles  E,  ceylonensia  Howard, 
which  has  the  first  joint  of  the  hind  tarsi  much  longer  than  the 
second. 

BUPLBCTRUS  AOAIUSTA,  new  species. 

Female, — ^Length  about  2.25  mm.  Black,  the  abdomen  largely 
reddish-testaceous;  the  clypeal  region  whitish,  the  legs,  including 
coxae,  reddish-testaceous;  antennae  testaceous,  becoming  darker 
toward  tips;  first  joint  of  funicle  distinctly  longer  than  pedicel; 
following  joints  decreasing  in  length,  the  fourth  about  equal  in  length 
to  pedicel;  mesoscutum  with  a  median  longitudinal  carina,  rather 
finely  rugose,  the  rugae  more  or  less  transverse,  the  parapsidal  area 
more  finely  sculptured  than  the  median  lobe;  axillae  much  more 
finely  striate;  scuteUum  finely  indistinctly  lineolately  reticulated, 
the  lines  more  or  less  longitudinal;  wings  slightly  yellowish,  the 
veins  honey  colored;  first  joint  of  hind  tarsi  slightly  longer  than 
second;  abdomen  reddish-testaceous  margined  all  around  with  dark 
brown. 

Male. — ^Unknown. 

Habitat — Sydney,  New  South  Wales. 

Four  specimens  sent  by  Mr.  W.  W.  Froggatt,  under  number 
99,  with  the  additional  data,  ''reared  from  the  larvae  of  Agarista 
glydnse.^' 

Type.— Chi.  No.  13972,  U.S.N.M. 

This  is  related  to  E.  fuJcaii  Crawford  and  E.  medanensis  Craw- 
ford, but  differs  from  both  by  the  distinct  median  carina  of  the 
mesoscutum. 
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Genus  ELACHERTUS  Spinola. 
BLACHBRTUS  EUPLBCTRIFORMIS,  n«w  species. 

Female. — ^Length  about  1.4  mm.  Translucent  yellowish-testaceous, 
the  abdomen  suflFused  with  brown,  the  antennsB  beyond  the  pedicel 
brown;  eyes  in  dried  specimens  red;  first  joint  of  funicle  about  one 
and  one-half  times  as  long  as  the  pedicel,  following  joints  elongate, 
the  fourth  as  long  as  the  pedicel;  all  sculpture  obscure  due  to  the 
semitransparent  chitin;  face  above  antennae  finely  lineolate;  mesoscu- 
tum  and  scutellum  finely  rugose;  propodeum  with  an  anterior  median 
Up,  as  in  the  species  of  the  genus  Euplectrus,  back  of  this  two  carinae 
forming  an  inverted  V;  first  joint  of  hind  tarsi  slightly  longer  than 
second;  the  single  spur  on  the  hind  tibiae  long,  reaching  about  to 
middle  of  second  joint  of  tarsi. 

Male, — ^Length  about  1.15  mm.     Similar  to  the  female. 

Habitat — ^Medan,  Deli,  Sumatra. 

Type.— Ceit.  No.  13874,  U.S.N.M. 

Fifteen  specimens  reared  by  Doctor  de  Bussy  from  an  unknown 
lepidopterous  host,  and  sent  under  his  number  6. 
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DESCRIPTION  OF  A  NEW  AMPHISBiENOrD  LIZARD  FROM 

PERU. 


By  Leonhard  Stejneger. 

Curatory  Division  of  Reptiles^  U.  8.  National  Museum. 


Mr.  C.  H.  T.  Townsend  has  recently  presented  to  the  U.  S.  National 
Museum  a  specimen  of  Amphisbsena;  which  he  suspected  to  be 
undescribed.  Upon  examination  I  find  that  his  suspicion  was  well 
founded,  and  I  therefore  take  great  pleasure  in  naming  it  for  him. 
It  was  found  near  his  house  in  Piura,  northwestern  Peru. 

AMPHISBJBNA  TOWRSBIIDI,  new  species. 

Diagnosis, — Nasals  forming  a  suture  on  the  snout;  4  preanal 
pores;  2  prefrontals,  distinct  from  nasals  and  labials;  suture  between 
nasals  about  one-half  that  between  prefrontals;  temporals  small; 
ocular  in  contact  with  second  and  third  upper  labials;  no  lateral  Une; 
44  segments  in  a  ring  on  the  middle  of  the  body;  276  rings  on  the 
body. 

HaMtat. — Peru. 

TVpe.— Cat.  No.  47087,  U.S.N.M.;  Piura,  Peru,  March  14,  1911; 
C.  H.  T,  Townsend,  collector. 

Description  of  type  specimen. — Rostral  small,  the  portion  visible 
from  above  very  short;  nasals  forming  a  suture,  about  one-half  as 
long  as  that  between  the  prefrontals,  slightly  shorter  than  the  suture 
between  the  frontals;  prefrontals  large,  the  suture  between  them 
much  longer  than  that  between  the  frontals;  frontals  moderate, 
about  half  the  size  of  the  prefrontals;  ocular  moderate,  about  the 
same  size  as  the  third  supralabial;  2  postoculars;  temporals  small; 
no  occipitals;  3  supralabials  of  equal  length,  second  and  third  in 
contact  with  ocular;  mental  followed  by  a  small  median  postmental; 
behind  the  second  lower  labial  a  medium-sized  malar  shield;  behind 
the  postmental  and  between  the  malars,  3  transverse  rows  of  scales, 
consisting,  respectively,  of  4,  5,  and  6  scales;  276  rings  on  the  body, 
25  on  the  tail;  44  segments  in  a  ring  around  the  body,  the  segments 
longer  than  broad  and  slightly  narrower  on  back  than  on  abdomen; 
no  trace  of  a  lateral  line;  anal  shields,  6;  preanal  pores,  4.     Color 
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(in  alcohol)  above,  dark  purplish  brown,  the  color  of  the  back  de- 
scending on  the  sides  as  irregular  scattered  spots;  sides  and  under- 
side pale.  According  to  Mr.  Townsend's  note  the  living  specimen 
had  a  distinct  lavender  pink  tinge  on  forward  half,  especially  about 
head. 

DirrunaicyM. 

mm. 
Tip  of  snout  to  vent 206 

Tail 21 

Diameter  of  body 5 

Remarks. — Cope,  in  1875,*  described  an  Amphishsena  occidentdlis 
collected  by  Prof.  James  Orton  in  the  valley  of  Jequetepeque,  Peru, 
but  as  he  neither  gave  the  number  of  body  rings  nor  of  segments 
contained  in  a  ring  nor  stated  whether  a  lateral  line  was  present 
or  not,  the  status  of  this  name  has  always  been  dubious.  Thinking 
that  it  might  possibly  be  the  species  described  in  the  present  paper,  I 
asked  Mr.  Witmer  Stone  to  furnish  the  missing  data  from  the  type  in 
the  Philadelphia  Academy.  This  he  has  very  kindly  done.  He  found 
179  rings  from  comer  of  mouth  to  anus  and  20  from  anus  to  tip  of 
tail,  a  ring  on  the  middle  of  the  body  containing  45  segments,  19 
above  the  lateral  lines  and  26  below.  It  is  consequently  evident 
that  Townsend's  Amphisbrona  is  a  totally  different  animal.  A. 
occidentalism  on  the  other  hand,  appears  to  represent  the  form  which 
Doctor  Peracca  has  indicated  as  intermediate  between  A.  darwinii 
and  A,  camura  having  from  44  to  60  segments  in  a  body  ring, 
while  the  former  has  28  to  40  and  the  latter  74  to  84  such  rings.^ 

1  Joarn.  Acad.  Nat.  Scl.  PhlladelphJa,  (2)  vol.  8,  p.  176. 

*  Peraoca,  BolK  Mus.  Zool.  Torino,  yol.  10,  no.  105,  Feb.  6, 1805,  p.  10. 


Digitized  by 


Google 


DESCRIPTIONS  OF  THREE  NEW  BATRACHIANS  FROM 
COSTA  RICA  AND  PANAMA. 


ByLEONHARD   StEJNEG'2R, 
Curator,  Division  of  Reptiles  and  BatrachianSy  United  States  National  Museum, 


Among  the  specimens  in  a  small  collection  of  reptiles  and  batra- 
chians  recently  made  by  Mr.  A.  H.  Jennings  on  the  Upper  Pequini 
River,  Republic  of  Panama,  there  is  a  large,  conspicuously  colored, 
and  otherwise  remarkable  tree  toad,  which  has  been  generously  pre- 
sented to  the  United  States  National  Museum.  A  scarcely  less 
remarkable  tree  toad  of  another  genus,  and  characterized  by  the 
erect  spikes  surrounding  the  crown  of  its  head,  was  simultaneously 
presented  to  our  Museum  by  Mr.  A.  Alfaro,  of  the  National  Museum 
of  Costa  Rica,  together  with  a  less  conspicuous,  though  not  less  inter- 
esting, new  species  of  salamander.  The  last  two  species  were  collected 
in  the  valley  of  the  Orosi,  Costa  Rica,  by  Mr.  C.  Picado,  for  whom  I 
have  named  the  salamander. 

SPBLBRPBS  PICADOI.  new  fpedet. 

Diagnosis. — Legs  short,  not  meeting  on  sides  by  the  length  of  the 
hind  leg;  fingers  and  toes  well  developed,  slightly  webbed;  palatine 
teeth  well  separated  from  parasphenoid  patch,  not  extending  exte- 
riorly beyond  the  choanro;  13  costal  grooves;  body  elongate;  tail 
cylindrical;  color  brown. 

Habitat, — Costa  Rica. 

Type.— Cat.  No.  48280,  U.S.N.M.;  La  Estrella,  southeast  of  Car- 
tago,  Costa  Rica;  C.  Picado,  collector. 

Description  of  type-specimen. — Palatine  teeth  in  two  arched,  con- 
tinuous series,  not  extending  outward  beyond  the  choansB,  and  well 
separated  from  the  parasphenoid  teeth  which  form  a  single  patch; 
head  wider  than  body,  truncate;  snout  short;  comer  of  mouth  under 
the  posterior  edge  of  eye;  nostrils  large,  rounded;  body  elongate, 
measuring  four  times  the  distance  from  snout  to  gular  fold,  and  more 
than  three  times  the  distance  between  axilla  and  groin;  legs  short, 
not  meeting  on  sides  by  the  length  of  the  hind  leg;  fingers  and  toes 
well  developed,  slightly  webbed;  tail  cylindrical,  longer  than  head 
and  body;  skin  very  smooth;  a  distinct  gular  fold;  13  costal  grooves. 
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Color  (in  alcohol)  above  dark  brown,  with  a  pale  irregular  band 
extending  from  behind  the  eye  backward  over  the  shoulder  along  the 
sides  to  the  groin,  and  another  similar  one,  but  fainter,  from  the  occiput 
on  each  side  of  the  back,  disappearing  on  the  anterior  third  of  the 
tail;  underside  paler;  palms  and  soles  still  more  so. 

Dimensions. 

mm. 

Total  length 66 

Snout  to  vent 31 

Tail 35 

Snout  to  gular  fold 6 

Width  of  head 4 

Between  axilla  and  groin 20 

Fore  legs 5 

Hind  legs '. 6 

HYLA  CBRATOPHRYS,  new  BpeciM. 

Diagnosis. — ^Derm  of  head  involved  in  the  cranial  ossification; 
outer  fingers  webbed  at  the  base;  head  broader  than  long;  choanse 
very  large,  subtriangular;  vomerine  teeth  between  the  choanse; 
posterior  border  of  casque  not  raised;  outer  edge  of  upper  eyelid  pro- 
duced into  a  large  triangular  ''horn." 

Habitat. — ^Panama. 

Type. — Cat.  No.  47705,  U.S.N.M. ;  upper  Pequini  River,  Republic 
of  Panama,  March  29,  1909;  A.  H.  Jennings,  collector. 

Description  of  type-specimen. — ^Tongue  subcircular,  entire,  and 
scarcely  free  behind;  vomerine  teeth  in  two  long,  slightly  oblique 
series  between  the  choanse;  choansB  large,  subtriangular,  longer  in  an 
anteroposterior  direction  than  in  the  transverse  direction;  head  large, 
considerably  broader  than  long;  derm  of  head  involved  in  the  cranial 
ossification;  posterior  edge  of  casque  nearly  straight,  not  raised; 
distance  between  nostril  and  eye  nearly  equals  diameter  of  latter; 
loreal  region  concave;  canthus  rostralis  sharp,  slightly  raised;  in- 
terorbital  space  broader  than  upper  eyelid  without  the  **hom," 
concave;  superciliary  edge  of  upper  eyelid  produced  into  a  large 
triangular,  pointed  flap  which  overhangs  the  eye  like  a  ''horn;" 
tympanum  distinct,  longest  diameter  about  one-half  the  diameter  of 
the  eye;  no  projecting  rudiment  of  pollex;  toes  two- thirds  webbed; 
disks  of  fingers  nearly  as  large  as  tympanum,  of  toes  slightly  smaller; 
articular  tubercles  moderately  developed;  inner  metatarsal  tubercle 
slightly  developed,  no  outer;  no  tarsal  fold;  the  hind  leg  being  carried 
forward  along  the  body,  the  tibio-tarsal  articulation  extends  forward 
beyond  the  tip  of  the  snout  by  about  one- third  the  length  of  the  tibia; 
top  of  head  finely  granular,  of  back  nearly  smooth,  the  latter  with 
about  nine  transverse,  narrow  lines  of  glandular  tubercles;  underside 
strongly  granular,  including  throat,  but  not  chin,  which  is  nearly 
smooth;  a  glandular  fold  extending  along  the  outer  edge  of  the 
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supraocular  hornlike  appendage  and  continued  backward  over  the 
tympanum  along  the  sides  to  some  distance  beyond  the  axilla.  Color 
(in  alcohol)  above  dark  olive  buff  with  numerous  narrow  transverse 
lines  of  purplish  brown,  every  other  of  which  coincides  with  the 
transverse  glandular  ridges;  a  similar  line  across  the  head  from  tip 
of  one  **hom"  to  the  other;  legs  cross-lined  like  the  back,  the  purplish 
brown  bands  widening  on  the  inner  aspect  of  the  thigh  and  tibia  and 
narrowly  bordered  with  pale  yellowish;  between  the  eye  and  edge 
of  lip  a  strikingly  distinct,  large,  triangular,  yellowish  white  spot 
preceded  by  a  similar  one  of  dark  purplish  brown  in  strong  contrast; 
on  the  sides,  from  the  ear  backward,  indications  of  a  wide  purplish 
brown  band  fading  out  toward  the  groin;  anal  region  dark  purplish 
brown  with  a  sharply  defined,  yellowish  white,  narrow  line  above; 
thighs  uniform  purplish  brown,  underneath  with  a  few  irregular 
whitish  spots  on  the  buttocks ;  rest  of  underside  pale  brownish. 

IHmenswns.  mm. 

Tip  of  snout  to  vent 74 

Tip  of  snout  to  posterior  edge  of  tympanum 25 

Greatest  width  of  head 29 

Fore  legs  from  axilla 49 

^  Hind  legs  from  vent  to  heel 88 

Hind  legs  from  vent  to  tip  of  longest  toe 143 

Tibia 47 

Remarks. — ^This  striking  novelty,  whose  hornlike  flap  over  the  eye 
bears  a  strong  resemblance  to  a  similar  structure  in  the  Asiatic  genus 
Megophrys  as  well  as  in  the  South  American  genus  Ceratophrys,  does 
not  seem  to  be  closely  related  to  any  of  the  known  Central- American 
Hylas. 

OASTROTHBCA  CORONATA,  new  spedM. 

Diagnosis.-^Derm  of  head  completely  involved  in  the  cranial  ossifi- 
cation; outline  of  casque  behind  gently  concave,  the  edge  studded 
with  high,  conical,  erect,  bony  spines;  a  similar  series  of  spines  above 
tympanum;  supraorbital  crest  tubercular;  canthus  rostraUs  granular; 
vomerine  teeth  on  a  level  with  the  posterior  edge  of  the  choan»; 
tympanum  circular,  nearly  as  large  as  the  eye;  fingers  tree;  toes  one- 
third  webbed. 

Habitat — Costa  Rica. 

Type,— Ceit.  No.  48279,  U.S.N.M.;  Palomo,  Valle  de  Orosi,  Cartago, 
Costa  Rica;  altitude,  1,200  meters  above  the  sea;  April,  1911;  C. 
Picado,  collector. 

Description  oftype-speciinen. — ^Adult  male.  Tongue  subcircular, 
entire,  and  scarcely  free  behind;  vomerine  teeth  in  two  straight  series 
on  a  level  with  the  posterior  edge  of  the  choansB;  head  moderate, 
scarcely  wider  than  long;  derm  of  head  completely  involved  in  the 
cranial  ossification,  forming  a  bony  casque;  outline  of  casque  behind 
gently  concave,  the  edge  studded  with  high,  conical,  erect,  bony 
spines;  a  similar  series  of  spines  above  tympanum;  supraorbital  crest 
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tubercular;  canthus  rostralis  raised,  granular;  snout  rounded,  slightly 
longer  than  the  diameter  of  the  orbit;  crown  and  loreal  region  con- 
cave; interorbital  space  much  wider  than  upper  eyelid;  tympanum  cir- 
cular, very  distinct,  nearly  as  large  as  the  diameter  of  the  eye;  fingers 
free;  toes  one-third  webbed;  disks  large,  about  three-fourths  diam- 
eter of  tympanum;  subarticular  tubercles  moderate;  inner  metatarsal 
tubercle  prominent,  no  outer;  a  distinct  tarsal  fold;  heels  overlapping; 
hind  Umb,  being  carried  forward  along  the  body,  reaches  anterior 
angle  of  the  eye;  skin  coarsely  granular  above,  more  distinctly  so  on 
the  abdomen  and  underside  of  thigh;  throat  and  chest  smooth.  Color 
(in  alcohol)  above  dark  bluish  slate;  on  the  sides  and  in  the  groin, 
several  large,  vertical,  dark  spots,  narrowly  edged  with  whitish;  hind 
limbs  with  transverse  bands  of  dark  color  similarly  edged  with  whitish; 
underside  paler  than  back. 

Dimtrmons. 

mm. 

Tip  of  snout  to  vent 60 

Tip  of  snout  to  posterior  edge  of  tympanum 21 

Tip  of  snout  to  posterior  edge  of  casque  on  the  median  line 18 

Width  of  head 22 

Fore  leg  from  axilla 41 

Hind  leg  from  vent 93 

Tibia 31 

Remarks. — The  species  here  described  is  probably  the  same  as  the 
young  specimen  from  Carillo,  Costa  Rica,  described  and  figured  by 
Guenther  in  the  Biologia  Centrali- Americana*  as  Nototrema  ovife- 
rum,  and  possibly  abo  with  the  Mexican  specimen  from  Cordova  in 
British  Museum,  described  by  Boulenger^  imder  the  same  name.  I 
feel  confident,  however,  that  none  of  these  belong  to  the  true  Gastrotheca 
ovifera  of  Weinland,^  from  Venezuela.  In  the  latter  the  casque  is  in- 
closed behind  by  a  "tuberculous  wall"  of  bone,  the  outUne  of  which 
forms  a  wide  median  extension  backward  and  two  deep  sinuses  later- 
ally; the  vomerine  teeth  are  between  the  choanse,  and  the  fingers  and 
toes  are  much  more  extensively  webbed.  Moreover,  the  color  pattern 
is  essentially  different. 

The  genus  Gastrotheca  was  established  by  Mtzinger  in  1843,*  who 
specifically  designated  Hyla  marsupiata  Dum^ril  and  Bibron  as  the 
type.  Fifteen  years  afterwards  Dr.  Guenther  ^  thought  himself  "jus- 
tified in  not  accepting  his  name,"  because  from  its  supposed  Greek 
derivation  "Fitzinger  appears  to  have  beheved  in  the  existence  of  a 
pouch  on  the  belly,"  and  he  accordingly  changed  it  into  Nototremxi, 
This,  of  course,  is  in  contravention  of  all  zoological  codes  of  nomen- 
clature, and  Fitzinger's  name  has  to  be  restored. 

1  Biol.  Centr.-Amer.,  Rept.  Batr.,  1901,  p.  288,  pi.  74,  flg.  A. 

scat.  Batr.  Sal.  Brit.  Mus.,  1882.  p.  418. 

a  Weinland,  in  Mueller's  Arch.  Anat.  Phyaiol.,  1854,  p.  473,  pL  17. 

*8yst.  Rept.,p.  30. 

•  Cat.  Batr.  Sal.  Brit.  Mus.,  1858,  p.  1U>. 
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THE  WEST  AMERICAN  MOLLUSKS  OF  THE  GENUS 

NODULUS 


By  Paul  Bartsoh 

AsnstarU  Curator,  Division  of  MoUushSj  U.  S.  National  Muuvm. 


The  known  members  of  this  genus  were  formerly  referred  to  Onoba. 
That  group,  however,  has  feeble  axial  ribs  as  well  as  spiral  sculpture. 
In  Nodvlvs  we  find  a  very  characteristic  oblique  aperture;  axial  ribs 
are  never  present  and  spiral  sculpture,  if  at  all  present,  is  reduced  ta 
exceedingly  fine  striations. 

Doctor  Dall,  in  a  paper  on  MoUusks  of  Bering  Sea  and  vicinity,* 
was  the  first  to  report  members  of  this  group  from  the  West  Coast  of 
America.  In  this  publication  he  described  and 
figured  Onoba  sdxatUis  Moller,  Onoba  cerineUa 
Dall,  and  Onoba  aleutica  Dall.  The  first  I  now 
rename  Nodvlus  Jeyskensis,  since  an  abundance 
of  saxatUis  for  comparison  force  me  to  declare 
the  Alaskan  form  distinct.  Onoba  aieuHca  Dall 
ranges  nearer  the  West  American  species  of 
CinguUif  to  which  it  is  now  referred. 

The  only  other  Nodylus  described  from  the 
West  Coast  is  Nodvlus  asser  Bartsch,  published 
in  the  Nautilus  *  for  1910,  also  from  Alaska. 

A  fourth  species,  NoduLy^  Jcdseyi,  is  now  added 
from  Coronado  Island,  California. 

NODULXTS  CBKimELLUS  Dall. 

Onoba  cerinella  Dall,  Proc.  U.  S.  Nat.  Mub.,  vol.  9, 1886, 
p.  307,  pi.  4,  fig.  12. 


FlO. 


1.— NODtJLUS 
NELLU8. 


Shell  small,  thin,  light  yellow.  The  nucleus 
consists  of  a  single  turn,  which  is  smooth  and 
scarcely  differentiated  from  the  succeeding  whorls.  Fost-nuclear 
whorls  high  between  the  sutures,  moderately  rounded,  appressed  at 
the  summit,  marked  by  fine  incremental  lines  only.  Suture  well  con- 
stricted.   Periphery  of  the  last  whorl  and  the  rather  long  base  gently 

1  Proc.  U.  S.  Nat.  Mas.,  vol.  0, 1886,  pp.  306-7.        >  KautUua,  vol.  23,  No.  U,  p.  138,  pi.  11,  fl«.  9. 
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rounded.  Aperture  very  oblique;  large,  broadly  oval;  posterior  angle 
obtuse;  outer  lip  thin;  columella  very  oblique,  slightly  curved,  inner 
lip  partly  reflected  over  the  base;  parietal  wall  covered  with  a  thick 
callus,  which  is  free  at  the  edge  and  renders  the  peritreme  complete. 
The  type  (Cat.  No.  213453,  U.S.N.M.)  has  four  and  on^half  post- 
nuclear  whorls  and  measures:  Length  2.9  mm.,  diameter  1.3  nun. 
It  was  collected  at  Atka  Island,  Alaska. 


Spedmem  examined. 


Cat.  No. 


LocaUty. 


Kamberof 
spedmens. 


213453  (figured  type) 

213454..^ :.V.. 

213466 

161108 


Atka  Island,  Alaska 

Outer  Beach^yska  Island,  Alaska 

Constantine  Harbor  (beach),  Amchltka  Island,  Alaska 
Kyska  Island,  Alaska 


1 
1 
1 
18 


NODULUS  ASSER  Baxtsch. 

Omha  asser  Babtsch,  Nautilus,  vol.  23,  1910,  No.  11,  p.  138,  pi.  11,  fig.  9. 

Shell  elongate-conic,  bluish  white,  semitranslucent.  Nuclear 
whorls  one  and  one-tenth,  smooth,  a  little  less  elevated  than  the  suc- 
ceeding turns.  Post-nuclear  whorls  very  high  between  the  sutm*es, 
overhanging,  moderately  rounded,  appressed  at  the  sum- 
mit. The  preceding  whorl  shines  through  the  summit  of 
the  succeeding  turn  and  gives  this  the  appearance  of  hav- 
ing a  double  suture.  Sutures  well  impressed.  Periph- 
ery of  the  last  whori  well  rounded.  Base  moderately 
prolonged,  weU  rounded.  Entire  surface  of  spire  and  base 
marked  by  closely  placed,  exceedingly  fine,  microscopic, 
spiral  striations.  Aperture  very  broadly  ovate;  poste- 
rior angle  obtuse;  outer  lip  thin;  peritreme  complete. 

The  type  (Cat.  No.  208434,  U.S.N.M.) 

was  collected  by  Dr.  Fred  Baker  at  Port 

Graham,  Alaska.     It  has  four  and  a  half 

whorls  and  measures:  Length  2.2  mm., 

diameter  0.9  mm.     This  species  is  nearest   related  to 

Ondba  cerineUa  Dall,  from  which  it  is  distinguished 

by  its  lesser  size  and  more  delicate  structure. 

NODnLUS  KELSEYI,  new  speciea. 

Shell  smaU,  very  slender,  cylindro-conic,  translucent, 
white.  Nuclear  whorls  two,  strongly  rounded,  smooth. 
Post-nuclear  whorls  rather  high  between  the  sutures, 
well  roimded,  very  narrowly  shouldered  at  the  summit 
and  lightly  constricted  a  little  anterior  to  the  summit,  marked  by 
fine  lines  of  growth  and  exceedingly  fine,  spiral  striations.  Suture 
moderately  constricted.    Periphery  of  the  last  whorl  and  the  long 


■NODU- 


FlO.      3.— NODU- 
LUS  KELSETI. 
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base  gently  rounded,  marked  like  the  spire.  Aperture  very  oblique, 
subcircular;  posterior  angle  obtuse;  outer  lip  reflected  at  the  edge; 
inner  lip  moderately  long,  reflected ;  parietal  wall  covered  with  a  thick 
callus,  which  is  also  reflected,  but  free  at  the  edge,  thus  giving  the 
entire  aperture  a  dished  appearance. 

The  type  (Cat.  No.  111369,  U.S.N.M.)  comes  from  Coronado 
Island,  San  Diego,  California.  It  has  5  post-nuclear  whorls  and 
measures :  Length  1.9  mm. ,  diameter  of  the  penultimate  whorl  0.6  nmi. 

Named  for  Prof.  F.  W.  Kelsey,  of  San  Diego,  California. 

RODULUS  KTSKBNSIS,  oew  tpedM. 

Shell  elongate-ovate,  thin,  translucent,  yellow.  Nuclear  whorls 
one  and  one-quarter,  smooth,  well  rounded,  scarcely  differentiated 
from  the  succeeding  turns.  Post-nuclear  whorls  appres- 
sed  at  the  simxmit,  with  a  somewhat  concavely  sloping 
shoulder  which  extends  over  the  posterior  third  between 
the  sutures.  Entire  surface  marked  by  numerous  fine 
lines  of  growth  only,  surface  apparently  covered  with 
a  thin  epidermis  which  has  the  finely  cracked  appearance 
frequently  seen  on  a  siu^ace  covered  with  varnish.  Su- 
ture strongly  constricted.  Periphery  and  the  rather 
short  base  of  the  last  whorl  well  rounded.  Aperture 
very  large,  very  broadly  oval,  decidedly  oblique;  pos- 
terior angle  obtuse;  outer  lip  slightly  expanded;  inner  ^\y^^^^ 
lip  decidedly  curved  and  reflected ;  parietal  wall  covered 
with  a  thick  callus  which  is  disjunct  at  the  edge  and  renders  the 
peritreme  complete. 

The  type  (Cat.  No.  161105,  U.S.N.M.)  has  four  post-nuclear  whorls 
and  measures:  Length  2.3  mm.,  diameter  1.1  nmi.  It  was  collected 
at  Kyska  Harbor,  Aleutian  Islands,  Alaska,  by  Doctor  Dall.  Seven- 
teen additional  specimens,  also  entered  as  Cat.  No.  161105,  U.S.N.M., 
were  collected  on  the  beach  and  on  sponges  at  low  water  mark  by 
Doctor  Dall  on  the  same  island.  Four  more  (Cat.  No.  213457, 
U.S.N.M.)  come  from  Atka  Island,  Alaska. 

This  shell  has  been  referred  to  by  various  authors  as  Rissoa  saxor 
tilia  Mdller.  It  differs  from  that  form  in  having  the  whorls  slopingly 
shouldered  near  the  summit  and  in  lacking  the  fine  spiral  striations. 
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DESCRIPTIONS  OF  ONE  NEW  GENUS  AND  THREE  NEW 
SPECIES  OF  ICHNEUMON  FLIES. 


By  H.  L.  ViERECK, 

Of  the  Bureau  of  Entomology  ^  Department  of  Agriculture,  WatMngton,  D,  C, 


This  paper  is  based  upon  material  determined  for  the  above  Bureau. 
The  material  involved  is  now  to  be  found  in  the  collections  of  the 
United  States  National  Museum,  from  which  institution  these 
proceedings  issue. 

C(BLOn>BS  BRuxmsRI,  ntw  tpedM. 

Female. — ^Length  4  mm.;  compared  with  Codoides  pedinator  Say, 
which  it  closely  resembles.  This  species  may  be  distinguished  by 
the  almost  straight  suture  between  the  second  and  third  dorsal  seg- 
mentS;  the  shallow  furrow  along  the  lateral  edge  of  the  second  dorsal 
segment  and  the  reddish  head. 

Male. — Length  3  mm,;  very  as  in  the  female. 

Type. — Cat.  No.  14156,  U.S.N.M.,  female  and  male. 

Typer-locdlity. — Columbia  Falls,  Montana.  On  authority  of  Dr. 
A.  D.  Hopkins  this  species  was  reared  from  DeTidroctonus  pseudo 
sugse  under  Hopk.  No.  8563,  May  23,  1911.  Upon  the  suggestion  of 
Doctor  Hopkins  this  species  is  named  after  Mr.  J.  Brunner,  who 
reared  the  specimens  concerned  in  drawing  up  the  above  description. 

A  series  of  specimens  show  some  latitude  in  length.  The  smallest 
male  being  approximately  1.5  mm.,  the  smallest  female  3  mm.  long 
in  a  series  of  five  females  and  five  males. . 

Genus  MEGARHOGAS  Szepligeti. 

Megarhogae  Szspuoeti,  Gen.  Ins.,  faac.  22,  p.  83.  Two  species  originally  included. 

Type. — Megarhogas  hngipes  Szepligeti  by  present  designation. 

As  represented  by  the  f oUowing  species  the  malar  line  in  this  genus 
is  apparently  a  little  shorter  than  the  width  of  the  mandibles  at  base; 
looked  at  from  the  side  the  eye  is  at  least  twice  as  wide  as  the  average 
width  of  the  cheeks;  propodeal  spiracles  round,  recurrent  vein 
received  by  the  first  submarginal  cell. 
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MEGARHOGAS  THERETRiB,  new  spedet. 

Female. — ^Length  7.5  mm.;  compared  with  the  original  description 
of  the  genotype  of  this  genus  the  present  species  diflFers  as  follows: 
Head  sculptured,  stramineous,  region  between  the  antennse  black, 
antennae  brownish,  longer  than  the  body;  dorsulum  almost  polished, 
its  lobes  mostly  brownish,  otherwise  stramineous,  the  posterior  half 
with  a  median  longitudinal  furrow;  propodeum  not  keeled,  mostly 
punctate;  radius  in  hind -wings  not  bisinuate;  abdomen  dorsally 
without  a  median  keel  except  for  an  ill-defined  one  at  base  of  first 
segment,  second  segment  approximately  two-thirds  the  length  of  the 
first,  third  segment  without  circimiscribed  anterior  lateral  comers; 
thorax  and  its  appendages  and  the  abdomen  mostly  stramineous  to 
yellowish,  wings  brownish  with  a  rather  washed-out  appearance  in 
the  radial  cell  and  in  the  membranous  area  below  the  second  sub- 
marginal  cell. 

Male. — Notably  differs  from  the  female  in  having  the  second  and 
third  joints  of  the  maxillary  palpi  present,  in  the  dry  specimens,  as 
apparently  collapsed  sacules  of  rather  cimeiform  outline  with  the 
angles  rounded  off,  thus  contrasting  greatly  with  the  simple  palpi  in 
the  female;  in  most  other  particulars  there  is  an  apparently  complete 
similarity  to  the  female. 

Type. — Cat.  No.  14157,  U.S.N.M.,  female  and  male. 

Typerlocality. — ^Medan,  Deli,  Sumatra,  where  on  authority  of 
Doctor  de  Bussey  this  species  was  reared  from  the  larvae  of  the  moth 
Theretra  celerio  LinnsBUs. 

Among  twenty-two  paratopotypes  selected  from  over  two  himdred 
specimens  there  is  a  noticeable  variation  in  color  and  size,  some  of  the 
female  paratopotypes  being  rather  suffused  with  brownish  above, 
whilst  in  the  male  paratopotypes  there  is  a  tendency  toward  a  fading 
out  of  the  tegument  and  a  coincident  deci:ease  in  length,  one  specimen 
being  only  4  mm.  long. 

ZALEPTOPYGUS,  new  genus. 

Related  to  Leptopygus  (Foerster)  Thomson,  from  which  it  may  be 
readily  distinguished  by  the  apex  of  the  propodeum  overlapping  the 
upper  face  of  the  hind  coxae  to  a  point  at  or  beyond  the  middle  of  the 
same,  by  a  break  in  the  occipital  carina  such  as  is  found  in  Cremastnis 
Gravenhorst  and  by  the  greatest  diameter  of  the  lateral  ocelli  in  the 
male  being  as  great  or  nearly  as  great  as  the  ocellocular  line  or  greater 
than  the  same  as  is  the  case  in  (Porizon)  Z.  orbitalis  Cresson.  The 
aflinities  of  this  genus  in  the  head,  etc.,  are  with  Cremastus  Graven- 
horst Foerster,  when  we  ignore  the  venation  as  described  in  Foerster's 
classification.  But  still  greater  is  the  aflSnity  with  PrisUyrnerus 
Holmgren  when  we  ignore  the  armature  or  lack  of  armature  of  the 
hind  femora,  the  venation,  and  the  head.    In  brief,  then,  in  the  more 
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satisfactoiy  characters  found  in  the  thorax  the  affinities  are  with 
Cremastaa,  Pristomerus,  and  Lefiofygus.  With  reference  to  the 
propodeum  the  closest  relationship  is  with  Leptopygus  as  represented 
by  the  genotype  of  Leptopygus  or  Leptopygus  Jiarpurus  (Gravenhorst). 
Type. — Zaieptopygus  obereae,  new  species. 

ZALEPTOPTOUS  OBBRE  JS.  new  speclM. 

Female. — ^Length  11.5  mm.;  sheaths  of  the  ovipositor  4  mm.  long; 
bears  a  close  resemblance  to  Zaieptopygus  orHtalis  Cresson  from  which 
it  may  be  distinguished  by  the  areola  being  virtually  as  long  as  the 
petiolarea;  in  the  thorax  which  is  apparently  twice  as  long  as  high,  in 
the  almost  quadrate  lower  division  of  the  metapleurae;  also  not  as 
brightly  ornamented  as  in  Z.  orhitalis  Cresson,  although  the  orna- 
mentation follows  a  similar  pattern,  and  in  the  darker  appendages, 
the  wings  being  distinctly  brownish  and  not  almost  whitish  as  in 
Zaieptopygus  orhitalis  Cresson. 

Male. — ^Length  10.5  mm.;  very  similar  to  the  female  but  with  a 
yellow  spot  on  the  face  and  with  the  scape  partly  yellow  beneath. 

Type.— Ceit.  No.  13798,  U.S.N.M. 

Typ&'locality. — Chicago,  Illinois. 

"Parasite  of  Oberea  tripundaia^'  according  to  Mr.  A.  A.  Girault, 
from  whom  the  species  was  received. 
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A  NEW   FOSSIL   ALLIGATOR   FROM  THE   HELL    CREEK 
BEDS  OF  MONTANA. 


By  Charles  W.  Gelmore, 
Aimtant  Curator  of  Fossil  Reptiles,  U,  S.  National  Museum, 


The  specimen  described  below  belongs  to  the  vertebrate  paleon- 
tological  collection  of  the  American  Museum  of  Natural  History, 
New  York,  and  it  is  through  the  generosity  of  Dr.  H.  F.  Osborn  and 
Mr.  Bamum  Brown,  of  that  institution,  that  I  now  have  the  privilege 
of  describing  it. 

This  specimen  represents  a  true  though  primitive  member  of  the 
AUigatoridae,  as  is  abundantly  shown  by  the  general  proportion  of 
the  skull,  especially  in  the  shortness  and  flatness  of  the  broadly 
rounded  muzzle  and  the  nonconstriction  at  the  maxillo-premaxillary 
union,  the  reception  of  the  anterior  teeth  in  pits  of  the  upper  jaw, 
the  lower  teeth  biting  within  the  upper,  and  the  divergent  lateral 
borders  of  the  anterior  ends  of  the  palatines. 

In  North  America  three  genera,  Diphcynodon,  AUigator,  and 
Bottosaurus,  have  been  included  under  the  family  AlUgatoridsB. 

From  Diphcynodon  the  present  form  is  to  be  separated  at  once 
by  the  nonconstriction  of  the  snout  at  the  maxillo-premaxillary 
suture  and  the  uniform  size  of  the  premaxillary  teeth. 

The  abbreviated  facial  region,  the  posterior  extension  of  the  nasal 
bones,  and  differences  in  the  dentition  distinguish  it  from  AUigaior. 

On  account  of  the  lack  of  homologous  parts  for  comparison,  the 
separation  of  this  specimen  from  BoUoeaurus  is  somewhat  more 
difficult,  though  their  distinctness  appears  to  be  indicated. 

In  Leidy 's  description  *  of  the  type  specimen  of  BoUoeaurus  Jiarlani 
he  says:  '*The  fragment  of  the  dental  bone  is  about  15  inches  in 
length,  and  in  this  extent  contains  the  remains  of  11  alveoli,  which, 
perhaps,  comprise  the  whole  number  except  three  or  four."  In  the 
Montana  slpill  the  total  length  of  the  dental  series  is  8  inches  and 
contains  alveoli  for  19  teeth.  Still  further  Leidy  says  the  alveoli 
''appear  to  indicate  a  succession  of  teeth  related  to  one  another  in 
size  nearly  as  in  the  Crocodile  and  AUigator.'^    The  succession  of 

1  Smlttaflonlaii  Contributiona  to  Knowledge,  vol.  14, 1865,  p.  13. 
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teeth  in  the  present  form,  as  will  be  shown  later,  is  not  like  that  of 
the  Crocodile  and  Alligator^  and,  when  considered  with  the  great 
disparity  in  the  proportional  extent  of  the  dental  series,  appears  to 
justify  their  generic  separation.  On  that  account  the  new  generic 
name  Brachychampsa  is  proposed  for  its  reception.  Under  this 
genus  I  would  include  the  species  BoUosaurus  perrugosus  Cope  from 
the  Arapahoe  beds  of  eastern  Colorado,  which  Cope  provisionally 
assigned  *  to  the  New  Jersey  genus  BoUosaurus. 

The  type  of  this  species  cannot  now  be  located,  but  in  the  original 
description  is  said  to  consist  of  a  *' fragmentary  dentary,  vertebrae, 
and  pieces  of  the  skull."  Cope  says:  "There  is  a  slight  diflFerence 
in  the  sizes  of  the  alveoli,  but  not  such  as  is  usual  in  Tertiary  croco- 
diles." In  view  of  the  character  of  the  dentition  shown  by  this 
newly  discovered  specimen,  'Hhe  slight  differences,  etc.,"  noted 
above  appear  especially  significant  when  taken  into  consideration 
with  the  similarity  of  their  geological  occurrence. 

The  classification  of  this  form  may  be  best  expressed  by  the 
following: 

Order, — Crocodilia. 

Suborder. — ^Eusuchia. 

Family. — ^Alligatoridse. 

Genus. — Brachychampsa. 

Species, — Brachychampsa  m^ontana. 

TTie  genus  Brachychampsa  will  now  include  the  two  species  B.  momr 
tana  J  B.  {BoUosaurus)  perrugosa  (Cope) . 

BRACHYCHAMPSA,  new  genus. 

The  characters  of  this  genus  are  included  in  the  description  that 
follows  of  Brachychampsa  m^ontana,  the  type-species. 

BRACHTCHAMPSA  MONTANA,  newspedet. 
Plates  26  and  27.  '    ' 

Type. — The  anterior  two-thirds  of  the  skull,  accompanied  by 
detached  fragments  of  the  posterior  portion.  Cat.  No.  6032,  Amer, 
Mus.  Nat.  Hist.    Collected  by  Bamum  Brown. 

Typer-locality. — ^Twenty-five  miles  southeast  of  Lismas,  Dawson 
County,  Mont. 

Horizon, — Upper  sandstone,  ''Hell  Creek  Beds,"  Lance  forma- 
tion. Upper  Cretaceous. 

Description, — The  type-specimen  is  a  short,  broad-snouted  skuU, 
the  length  from  the  level  of  the  front  border  of  the  orbits  being  only 
7  mm.  greater  than  the  width  at  the  same  point.  Excepting  a  few 
detached  fragments,  the  posterior  portion  of  the  skull  behind  the 
orbits  is  missing  (PI.  26).    The  remaining  part  is  fairly  complete 


1  Bull.  Geol.  and  Qeog.  Survey  of  Terr.,  vol.  1, 1874-5»  p.  27. 
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and  undistorted.  The  upper  surface  of  the  preorbital  region  is  fiat 
and  without  crests  or  ridges;  the  muzzle  is  evenly  but  broadly 
rounded;  the  nasal  aperture  is  lai^e  and  pear-shaped  in  outline.  In 
the  absence  of  a  roof-like  covering  formed  by  the  premaxillaries 
over  the  anterior  part  of  the  external  nares,  Brachychampsa  differs 
from  all  known  alligators,  both  recent  and  extinct.  On  account  of 
the  damaged  condition  of  the  anterior  extremities  of  the  nasal  bones 
it  can  not  be  determined  whether  they  extended  foward  into  the 
narial  opening.  The  facial  processes  of  the  premaxillaries  extend 
posteriorly  to  the  level  of  the  aveolus  for  the  fifth  maxillary  tooth. 
The  nasal  bones  are  comparatively  slender  and  extend  posteriorly 
to  the  level  of  the  anterior  borders  of  the  orbits.  In  recent  alligators 
these  bones  terminate  well  in  front  of  the  orbital  line.  The  maxil- 
laries  are  brpad,  flattened  above,  Und  much  compressed  vertically. 
The  jugals  are  heavy,  with  roughly  sculptured  surfaces.  The  inter- 
orbital  surface  is  fiat  and  not  concave  as  in  many  crocodiles  and 
alligators.  The  orbital  openings  are  .everted  as  in  the  alligators 
and  some  crocodiles  and  are  confiuent  with  the  lateral  vacuities.  The 
sculpturing  of  the  facial  surface  of  the  bones  is  more  strongly  marked 
in  the  neighborhood  of  the  orbits  than  it  is  anteriorly. 

In  the  palatal  view  (PI.  27),  where  the  bones  have  not  suffered 
mutilation,'  all  of  the  sutures  are  plainly  indicated.  Latero-infe- 
riorly  the  maxillo-premaxillary  suture  passes  obliquely  backward 
and  inward  on  the  palate.  The  damaged  condition  of  the  palate 
just  back  of  the  anterior  palatine  vacuity  renders  uncertain  the 
posterior  extent  of  the  premaxillaries.  In  the  recent  alligators 
this  suture  extends  nearly  straight  across  on  a  level  with  the  second 
maxillary  tooth,  while  in  this  form  it  extends  posteriorly  at  least 
as  far  as  the  level  of  the  fourth  maxiUary  tooth. 

Each  of  the  broad  maxillaries  has  alveoli  for  14  teeth,  and 
each  of  the  premaxillaries  for  5.  The  palatines,  of  which  only 
the  anterior  portions  are  present,  unite  with  the  maxiUsB  by  an  almost 
straight  transverse  suture  on  a  level  with  the  eleventh  maxillary 
tooth.  The  lateral  borders  of  the  anterior  ends  of  the  palatines  are 
divergent,  as  in  all  alligators,  instead  of  parallel  or  convergent  as  in 
all  true  crocodiles.  On  the  left  side  of  the  palate  enough  of  the 
boundary  of  the  posterior  palatine  vacuity  remains  to  indicate  that 
it  was  subround  instead  of  elongate  as  in  most  members  of  this  group. 
The  preserved  borders  of  the  anterior  palatine  vacuity  show  it  to 
have  been  of  large  size  and  probably  pear-shaped  in  outline. 

The  pits  on  the  palatal  surface  of  the  premaxillary  for  the  recep- 
tion of  the  anterior  teeth  of  the  lower  jaw  are  broad  and  exceedingly 
shallow. 

A  detached  fragment  of  the  pterygoid  shows  the  processes  to  have 
been  blimt  and  stout. 
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Measurements  of  shiU  of  Braeychampsa  monUma.     Type^pedmen. 

mm. 

Distance  from  anterior  angle  of  orbits  to  tip  of  snout 164 

Width  of  skull  at  anterior  angle  of  the  orbits 157 

Width  of  skull  at  maxillo-premazillary  suture 105 

Greatest  width  of  nasal  opening 44 

Greatest  longitudinal  length  of  premaxillary 80 

Least  width  of  interorbital  bar 26 

Greatest  width  of  nasals 32 

Greatest  width  of  anterior  palatine  processes 45 

Greatest  width  of  anterior  palatine  vacuity 33 

Distance  from  anterior  end  of  palatine  vacuity  to  tip  of  snout 24 

Length  of  alveolar  border  of  maxillary 135 

Length  of  alveolar  border  of  premaxillary 65 

TeeOi. — ^The  dental  formula  of  the  upper  jaw  consists  of  5  pre- 
maxillary and  14  maxillary  teeth,  the  total  number  (38)  being  the 
same  as  found  in  the  upper  mandible  of  many  modem  alligators. 
Judging  from  the  size  of  the  alveoli;  all  of  the  premaxillary  teeth 
appear  to  have  been  of  approximately  the  same  size.  The  teeth 
still  present  in  the  skull  are:  the  bases  of  three  premaxillary  teeth, 
and  the  third,  fourth,  fifth,  sixth,  seventh,  ninth,  eleventh,  and 
twelfth  maxiUary  teeth  on  the  right  side;  the  roots  of  the  third,  fifth, 
sixth,  and  seventh,  with  the  tenth  and  eleventh  teeth  intact,  in  the 
left  maxillary.  The  first  three  maxillary  teeth  were  relatively  small 
and  evidently  of  about  equal  size.  The  fourth  is  sHghtly  larger  than 
the  third;  the  fifth  is  larger  than  the  fourth  and  is  the  most  robust 
tooth  of  the  anterior  dental  series;  the  sixth  tooth  is  sUghtly  smaller 
than  the  fifth;  the  seventh,  eighth,  ninth,  and  tenth  were  quite 
small,  being  the  weakest  of  those  in  the  upper  mandible;  the  elev- 
enth and  twelfth  were  robust,  and,  judging  from  the  size  of  the 
alveoli  for  the  thirteenth  and  fourteenth,  all  of  these  teeth  were 
of  approximately  the  same  size. 

The  anterior  teeth  of  the  maxillary  series  although  somewhat 
compressed  transversely  are  acutely  pointed,  and  while  the  fiftii  is 
as  long  as  the  eleventh  and  twelfth  the  anterior  posterior  extent  of 
the  tooth  is  only  a  little  over  half  that  of  the  latter.  The  relative 
dimensions  are  well  shown  in  the  table  of  measurements  of  the  teeth 
given  below. 

The  posterior  teeth  of  Brcichychampsa  morUana  resemble  most 
nearly  those  figured  by  Leidy  *  as  BoUosaurus  harlani  from  the  Cre- 
taceous of  New  Jersey.* 

The  crowns  of  the  posterior  teeth  are  somewhat  compressed  later- 
ally, mammiliform,  with  outer  and  inner  surfaces  separated  by  a 
somewhat  obscure  carinsB  which  extends  from  the  subacute  apex  to 
the  base  of  the  corrugated  surface  as  shown  in  figure  1.    The  upper 

1  SmitbsonJan  Contribatioiia  to  Kaowledge,  vol.  is,  pi.  IS,  fi«8.  U-14. 
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surface  is  corrugated  with  depressions  radiating  from  the  apex  but 
the  base  of  the  enameled  surface  is  smooth.    The  upper  part  of  the 
tooth  is  separated  from  the  gibbous  root  by  a  slight 
constriction  at  the  base  of  the  enamel. 

In  the  collection  of  the  U.  S.  National  Museum 
there  is  a  large  number  of  detached  teeth  from  the 
^'Ceratops  beds"  of  Converse  County,  Wyoming, 
which  can  not  be  distinguished  from  those  in  the 
specimen  under  discussion.  With  them  are  other 
teeth  which  from  their  minute  size  and  other  differ- 
ences appear  to  indicate  the  presence  in  those  beds 
of  one  or  more  undescribed  species,  but  the  material 
is  too  meager  upon  which  to  base  a  determination. 
Many  of  these  scattered  teeth  showed  wear  on  their  internal  surfaces, 
thus  substantiating  the  evidence  of  the  AUigatoroid  nature  of  the  bite 
as  shown  by  the  worn  posterior  teeth  of  the  type-specimen. 


il 


a^  0 

FlO  l.—TWKLfTH  MAX- 
illary tooth  of 
bbachtchamp9a 
Montana.  Natural 
SIZE,     a,    Lateral 

YIEW;  b,  POSTERIOR 
VIEW.  TTPE-SPEa- 
MEN. 


PrindjHil  measuremenU  of  maonllary  teeth  of  Brachychampsa  montana.     TypespeciTnen. 


Number  of  tooth 


Length 

Extent  antero-pos- 
tcrtorly 


Third. 


mm. 
0 


6.5 


Fourth. 

mm. 
10 

7 


Fifth. 


mm. 
12 


Sixth. 

mm. 
9 

7 


Seventh, 

mm. 

7 


Ninth. 

mm. 
5 

5 


Tenth. 


mm. 
6.5 


Eleventh. 

mm. 
12 

12 


Twelfth. 

mm. 
11 

12 
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EXPLANATION  OF  PLATES. 
Plate  26. 

Skull  of  BraehythampBa  montana.    Gat.  No.  5032.    Amer.  Mub.  Nat.  Hist.    Type- 
epecimen.    Superior  view  of  the  anterior  part  of  the  skull.    Natural  size. 

e.  na.f  external  nares;  fr.^  frontal;  ju.y  jugal;  mx.,  maxillary;  n.,  nasal;  o.,  orbit; 
p.  mx.f  premaxillary. 

Plate  27. 

Skull  of  BraeyduimpBa  morUana.    Cat.  No.  5032.    Amer.  Mus.  Nat.  Hist.    Type- 
specimen.    Inferior  view  of  the  anterior  part  of  the  skull.    Natural  size. 

a.  p.  v.,  anterior  palatine  vacuity;  ju.,  jugal;  jnx,,  maxillary;  p.,  palatines;  p,  mx., 
premaxillary;  t.  p.,  transpalatines. 
302 
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p.mx. 


Anterior  Part  of  Skull  of  Brachychampsa  Montana. 

For  explanation  of  plate  see  page  302. 


Digitized  by 


Google 


Digitized  by 


Google 


U.  S.   NATIONAL  MUSEUM 


PROCEEDINGS,  VOL.  41     PL.  27 


p.mx. 
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Anterior  Part  of  Skull  of  Brachychampsa  Montana.    Palate  View. 

For  explanation  of  plate  see  paoe  302 
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NEW  MAEINE  MOLLUSKS  FROM  BERMUDA. 


By  Paxil  Bartsch, 

Assistant  Curatcr^  Division  of  Mollusks,  U,  8.  National  Museum, 


Some  time  ago  the  United  States  National  Museum  received  a  lot 
of  mollusks  for  determination  from  Mr.  Arthur  Haycock,  collected  by 
hiTTi  at  Bermuda.  Among  these  were  quite  a  number  of  new  species, 
which  were  described  by  Dr.  William  H.  Dall  and  the  present  writer 
in  the  Proceedings  of  the  U.  S.  National  Museum,  vol.  40,  pp.  277  to 
288,  pi.  35,  May,  1911.  Since  then  several  other  lots  have  been  ex- 
amined, and  among  these  the  following  new  forms  were  found: 

CERITHIOPSIS  HBRO,  new  tpeciei. 

Plate  28,  fig.  1. 

Shell  large,  elongate-conic,  chestnut  brown,  nuclear  whorls  at  least 
3,  well  rounded,  smooth,  scarcely  increasing  in  size,  forming  a  cylin- 
dric  apex;  post-nuclear  whorls  moderately  rounded,  ornamented 
with  3  strong  spiral  cords,  and  quite  regular  somewhat  retractive 
axial  ribs.  Of  the  axial  ribs,  16  occur  upon  the  first  and  second;  18 
upon  the  third;  20  upon  the  fourth;  22  upon  the  fifth  to  ninth;  24 
upon  the  tenth,  and  26  upon  the  penultimate  turn.  The  intersections 
of  the  axial  ribs  and  the  spiral  cords  form  strong  tubercles,  of  which 
those  on  the  cord  at  the  sununit  are  somewhat  elongated  and  well 
rounded,  while  those  on  the  median  and  supra-sutural  cords  are  trun- 
cated posteriorly,  sloping  gently  anteriorly.  Sutures  strongly  chan- 
neled. Periphery  of  the  last  whorl  marked  by  a  channel  as  broad  as 
that  which  separates  the  supra  sutural  from  the  median  spiral  cord. 
Tins  channel  is  crossed  by  the  continuation  of  the  axial  ribs,  which 
terminate  at  the  posterior  border  of  the  flattened  spiral  cord,  that 
bounds  the  sulcus  anteriorly.  Base  slightly  concave,  marked  by  a 
very  feeble  spiral  cord  at  the  insertion  of  the  columella.  Entire  sur- 
face of  spire  and  base  marked  with  numerous  very  fine  lines  of  growth, 
and  exceedingly  fine  spiral  striations.  Aperture  irregularly  oval, 
strongly  channeled  anteriorly  and  feebly  so  at  the  posterior  angle; 
outer  lip  rendered  decidedly  sinuous  by  the  spiral  cords;  columella 
very  stout,  somewhat  curved,  and  partly  covered  by  the  reflected 
inner  lip;  parietal  wall  covered  with  a  thick  callus. 
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Seven  specimens  of  this  species,  collected  by  Mr.  Arthur  Haycock, 
at  Bermuda,  are  before  us.  Two  of  these  may  be  considered  cotypes. 
One  of  these,  which  has  lost  part  of  the  nucleus,  has  12  post-nuclear 
whorls,  and  measures:  length,  7.6  mm.,  diameter  2  mm.  The  other 
has  a  complete  nucleus  and  8  post-nuclear  whorls,  and  measures: 
length,  5  mm.  and  diameter  1.5  nmi.  The  remaining  five  are  young 
individuals.  The  smaller  cotype  and  two  of  the  young  specimens 
form  Catalogue  No.  226450  of  the  United  States  National  Museum 
collection. 

CBItrrmOPSIS  CTNTHIA,  new  fpedei. 

Plate  28,  fig.  5. 

Shell  small,  elongate-conic,  chestnut  brown,  excepting  the  early 
nuclear  whorls,  which  are  white.  Nuclear  whorls  a  Uttle  more 
than  4,  well  rounded,  smooth,  forming  a  mucronated  apex.  Post- 
nuclear  whorls  moderately  rounded,  marked  by  3  strong  spiral 
cords,  and  strongly  retractive  axial  ribs.  Of  these,  16  occur  upon 
the  first;  18  upon  the  second  to  fifth,  and  20  upon  the  sixth  and  the 
penultimate  turn.  The  intersectioxis  of  the  spiral  cords  and  the 
axial  ribs  form  strong  tubercles,  which  are  truncated  posteriorly 
and  slope  gently  anteriorly;  while  the  spaces  inclosed  between  them 
appear  as  strongly  impressed  roimded  pits.  Sutures  moderately 
constricted.  Periphery  of  the  last  whorl  marked  by  a  sulcus  as  wide 
as  that  which  separates  the  supra  sutural  from  the  median  cord  and 
like  this  crossed  by  the  continuations  of  the  axial  ribs.  Base  marked 
with  a  strong,  broad,  rounded  spiral  cord,  adjoining  the  peripheral 
sulcus,  which  i3  rendered  feebly  tuberculated  by  the  continuations 
of  the  axial  ribs.  Anterior  to  this  cord  there  is  a  strong  spiral  sulcus 
w;hich  equals  the  subsutural  cord  in  width.  Entire  surface  of  spire 
and  base  marked  by  numerous  very  fine  lines  of  growth,  and  exceed- 
ingly fine  spiral  striations.  Aperture  irregularly  oval,  strongly 
channeled  anteriorly,  feebly  so  posteriorly;  outer  Up  thin,  showing 
the  external  sculpture  within,  rendered  sinuous  at  the  edge  by  the 
external  sculpture;  columella  very  stout,  twisted,  and  somewhat 
curved;  inner  lip  reflected  over  the  columella;  parietal  wall  glazed 
with  a  thin  callus. 

The  type  and  seven  specimens  (Cat.  No.  226449,  U.S.N.M.)  were 
collected  by  Mr.  Arthur  Haycock  in  Bermuda.  The  type,  a  perfect 
specimen,  has  seven  and  one-half  post-nuclear  whorls,  and  measures: 
length  3.9  mm.  and  diameter  1.1  mm. 

CSRITHIOPSIS  lONTHA,  new  spedM. 

Plate  28,  fig.  3. 

Shell  very  minute,  elongate-conic,  golden  brown,  excepting  the 
apex,  which  is  white.  Nuclear  whorls  2,  well  rounded,  smooth. 
Post-nuclear  whorls  well  rounded,  marked  by  3  strong  spiral  cords, 
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and  slightly  retractive  axial  ribs,  of  the  latter  18  occur  upon  the 
first;  20  upon  the  second  and  third,  and  24  upon  the  fourth  and 
penultimate  turn.  The  intersections  of  the  axial  ribs  and  spiral 
cords  form  strong  tubercles,  of  which  those  on  the  cord  at  the  sum- 
mit and  those  on  the  median  cord  are  truncated  both  anteriorly  and 
posteriorly,  while  those  on  the  supra-sutural  cord  are  truncated 
posteriorly,  sloping  gently  anteriorly.  The  spaces  inclosed  between 
the  axial  ribs  and  spiral  cords  are  strongly  impressed  squarish  pits. 
Sutures  strongly  constricted.  Periphery  of  the  last  whorl  marked 
by  a  sulcus  as  wide  as  that  which  separates  the  supra  sutural  from 
the  median  cord.  The  sulcus  is  crossed  by  the  feeble  continuations 
of  the  axial  ribs.  Base  moderately  rounded,  marked  by  a  broad, 
low  spiral  cord,  which  limits  the  peripheral  sulcus  posteriorly,  and 
a  second  tumid  low  spiral  cord  at  the  insertion  of  the  columella. 
Entire  surface  of  spire  and  base  marked  by  numerous  fine  lines  of 
growth,  and  exceedingly  fine  spiral  striations.  Aperture  irregu- 
larly oval,  strongly  channeled  anteriorly,  feebly  posteriorly;  outer 
lip  thin,  somewhat  patulous,  rendered  wavy  by  the  external  sculp- 
ture; columella  stout  and  somewhat  curved;  inner  Up  reflected  over 
the  columella;  parietal  wall  covered  with  a  thick  callus. 

Three  specimens  of  this  species  were  collected  by  Mr.  Arthur 
Haycock  in  Bermuda.  These  may  be  considered  cotypes.  The 
specimen  figured  has  a  little  more  than  five  post-nuclear  whorls,  and 
measures:  2.1  nmi.  in  length  and  0.9  mm.,  in  diameter.  One  of  the 
three  is  Cat.  No.  226451,  U.S.N.M.  The  other  two  are  in  the  Ber- 
muda Museum. 

TSIPHOSIS  BSRMtTDBNSIS,  ni 


Plate  28,  figs.  2  and  4. 

Shell  elongate-conic,  marked  by  alternate  spiral  bands  of  white 
and  brown.  Nuclear  whorls  moderately  rounded,  forming  a  conic 
apex,  the  first  turn  smooth,  the  second  marked  by  a  raised  spiral 
thread  which  is  a  little  nearer  the  suture  than  the  summit.  On  the 
third  whorl  a  second  spiral  thread  is  present,  between  the  first  and 
the  summit,  being  a  little  nearer  to  the  neighboring  thread  than  the 
summit.  In  addition  to  these  spiral  threads  the  last  two  nuclear 
whorls  are  marked  by  28  slender,  very  regular,  threadlike  axial  ribs, 
which  equal  the  spiral  threads  in  strength.  Post-nuclear  whorls  mod- 
erately rounded,  the  early  ones  marked  with  two  strong  tuberculated 
spiral  cords,  one  of  which  is  at  the  sunmiit,  and  the  other  a  little 
posterior  to  the  suture.  On  the  later  turns  a  third  slender  tubercu- 
lated spiral  cord  makes  its  appearance  betwosn  the  other  two,  being 
a  little  nearer  to  the  cord  at  the  sunmiit  than  to  the  supra-sutural 
cord.  In  addition  to  the  spiral  sculpture  the  post-nuclear  whorls  are 
marked  by  strong  axial  ribs,  of  which  16  occur  upon  the  first;  18 
upon  the  second  to  fifth;  20  upon  the  sixth  to  eighth;  and  22  upon 
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the  remaining  whorls.  The  intersections  of  the  spiral  cords  and  the 
axial  ribs  form  strong  tubercles,  of  which  those  at  the  sunmiit  are 
well  rounded,  while  those  of  the  supra-sutural  spiral  cord  are  some- 
what truncated  posteriorly.  The  spiral  cord  at  the  sunmiit  is  white, 
while  the  supra-sutural  and  median  cords  are  brown.  Periphery  of 
the  last  whorl  marked  by  a  tuberculated  spiral  cord,  which  is  as  strong 
as  its  posterior  neighbor,  from^which  it  is  separated  by  a  sulcus  as 
wide  as  that  which  separates  the  supra  sutural  from  the  median  spiral 
cord.  Base  moderately  rounded,  marked  by  two  broad  spiral  cords, 
of  which  the  posterior  is  feebly  tuberculated.  The  entire  base  is 
light  brown,  the  peripheral  cord  being  of  a  little  lighter  shade  of  brown 
than  the  base.  Entire  surface  of  the  spire  and  base  marked  by  numer- 
ous very  fine  lines  of  growth  and  spiral  striations.  Aperture  irregu- 
lar, decidedly  channeled  anteriorly  and  posteriorly;  outer  lip  pro- 
duced into  a  clawlike  element  anteriorly;  columella  very  stout  and 
twisted;  inner  lip  adnate  to  the  base  of  the  shell;  parietal  wall  cov- 
ered with  a  thick  callus,  which  joins  the  inner  lip  with  the  outer 
at  the  posterior  angle  of  the  aperture  rendering  the  peritreme 
complete. 

Nine  specimens  of  this  species  (Cat.  No.  226452,  U.S.N.M.)  were 
collected  by  Mr.  Arthur  Haycock  at  Bermuda.  One  of  these,  a 
perfect  individual,  has  10  post-nuclear  whorls,  and  measures:  length 
4.9  nmi.,  diameter  1.5  nmi.  Another  having  11  post-nuclear  whorls 
measures:  length  6.1  mm.,  diameter  2  nmi. 

EXPLANATION  OF  PLATE  28. 

Fig.  1.  CerithiopsU  hero  Bartsch,  p.  303;  cotype;  long.  7.6  mm. 

2.  Tnphoris  hermudemis  Bartoch,  p.  305;  cotype;  long.  4.9  mm. 

3.  Cerithiopna  iontha  Bartsch,  p.  304;  cotype;  long.  2.1  mm. 

4.  Tnphoris  bermudensis  Bartsch,  p.  305.;  cotype;  long.  6.1  mm. 

5.  Cerithiopns  cynthia  Bartsch,  p.  304;  type;  long.  3.9  mm. 
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A  REVISION  OF  THE  FOSSIL  FERNS  FROM  THE  POTOMAC 
GROUP  WHICH  HAVE  BEEN  REFERRED  TO  THE  GENERA 
CLADOPHLEBIS  AND  THYRSOPTERIS. 


By  Edward  W.  Berry, 

Of  the  Johns  Hopkins  University ,  Baltimore. 


The  present  paper  is  the  fourth  and  last  of  a  series  of  revisions  of 
the  more  important  genera  of  fossil  plants  from  the  Potomac  group 
in  Maryland  and  Virginia.*  The  following  genera  have  been  discussed 
in  previous  numbers  of  the  Proceedings:  Nageiopsis,  Acrostichopteris, 
TaeniopteriSj  NUsonia,  Sapindopsia,  Seqv^ia,  Athrotaxopsis,  SpTi&- 
nolepis,  AJnetUeSj  Pinus,  CephdlotaxopsiSf  BrachyphyUum,  and  Wid- 
dringtonites. 

With  the  appearance  of  the  present  communication  all  of  the  larger 
genera  including  those  most  in  need  of  revision  will  have  been  treated. 
The  remainder  of  the  flora,  numbering  about  one  hundred  species,  will 
be  fully  described  and  illustrated  in  a  Monograph  of  the  Lower  Creta- 
ceous which  will  appear  under  the  auspices  of  the  Maryland  Geological 
Survey. 

The  fern  genus  Oladopldehis,  which  is  discussed  in  the  first  part  of 
this  paper,  is  an  important  cosmopolitan  type  in  the  Lower  Cretaceous, 
a  type  which  is  an  undiminished  survival  from  the  older  Mesozoic. 
A  lai^e  number  of  species  have  been  described,  both  in  this  country 
and  elsewhere.  These  ferns  are  abundant  and  important  elements 
in  the  Potomac  flora.  The  remains  represent  for  the  most  part 
species  of  considerable  size.  The  usual  difficulties  in  dealing  with 
fossil  fragments  of  large  and  somewhat  variable  (in  time  and  space) 
fronds  have  resulted  in  the  previous  description  of  many  more  species 
than  the  evidence  warranted,  a  result  equally  confusing  to  both  the 
botanist  and  the  geologist. 

The  numerous  species  of  Thyrsopteris  recorded  in  the  literature 
from  the  Maryland- Virginia  area  are  treated  in  the  second  part  of 

^The  previous  papers  are:  (1)  A  revision  of  tbe  fossil  plants  of  the  genus  Naceiopsis  of  Fontaine, 
Pxoc.  U.  8.  Nat.  14 us.,  vol.  88,  1910,  pp.  186-106.  (2)  A  revision  of  the  fossil  plants  of  the  genera 
Acrostichopteris,  Taeniopterls,  Nilsonia,  and  Sapindopsia  from  the  Potomac  group,  Proc.  U.  S.  Nat. 
Mus.,  vol.  3s,  1910,  pp.  625-644.  (3)  A  revision  of  several  nnera  of  Gymnospermous  plants  txom  the 
Potomac  group  in  Maryland  and  Virginia,  Proc.  U.  S.  Nat.  Mus.,  vol.  41, 1011,  pp.  289-^18. 
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the  paper  in  a  markedly  different  manner  from  what  has  previously 
been  customary  and  are  considered  as  representing  the  polypodi- 

aceous  genus  Ch/ychiopsis  of  Yokoyama. 

« 

THE  GENUS  CLADOPHLEBIS. 

The  genus  CladopKlebis  is  essentially  a  form-genus  which  is  restricted 
at  the  present  time  to  include  only  certain  fern  remains  of  Mesozoic 
age,  although  this  type  of  frond  is  practically  identical  with  those  of 
some  Paleozoic  genera,  as  for  example  PecopteriSf  and  it  can  also  be 
closely  matched  by  a  variety  of  Tertiary  and  Uving  ferns. 

CladopTiUbis  was  proposed  by  Brongniart  in  1849  *  for  those  species 
which  formed  the  section  Pecopteris  neuropteroides  in  his  "Histoire 
des  v^6taux  fossiles"  which  he  regarded  as  transitional  between 
Pecopteris  and  Neuropteris.  Certain  of  their  characters  were  men- 
tioned but  no  formal  diagnosis  was  attempted.  Saporta  was  per- 
haps the  first  to  define  the  genus  with  precision.* 

Schimper  in  1874  gives  a  somewhat  amplified  diagnosis.^  Later 
this  author^  abandons  CladopTdebis  in  the  beUef  that  the  fertile 
specimens  described  by  Heer  justify  the  reference  of  these  forms  to 
the  modem  genus  Asplenium. 

The  most  recent  diagnosis  is  that  by  Seward,  which  may  appro- 
priately be  quoted  for  the  American  Cretaceous  forms: 

Fronds  pinnately  divided,  pinnse  epreading,  lobes  or  pinnules  attached  by  the  entire 
base  or  slightly  auriculate,  acuminate,  or  obtuse,  occasionally  dentate,  especially  at 
the  apex,  not  rarely  subfalcately  curved  upwards,  midrib  strong  at  base,  and  towards 
the  summit  dissolving  into  branches,  secondary  veins  given  off  at  a  more  or  less  acute 
angle,  dichotomous  a  little  above  the  base,  and  repeatedly  dichotomous.' 

Much  difference  of  opinion  has  prevailed  regarding  the  unity  and 
the  systematic  position  of  the  genus,  Saporta*  having  long  ago 
pointed  out  that  Brongniart's  species  had  nothing  in  common  with 
those  of  the  Mesozoic  and  that  the  liassic  and  Oolitic  forms,  those 
which  the  former  author  was  discussing,  give  evidence  of  common 
characters.  At  the  present  time  there  is  still  lacking  evidence  from 
such  fructified  remains  as  have  been  discovered  of  close  relationship 
between  all  of  the  various  species  of  CladopTdebis.  Thus  Heer  dis- 
covered in  the  Siberian  Jurassic,  fragments  of  the  CladopJdebis 
whitbyensia  type  with  soral  characters  which  he  compared  with  those 
of  the  subgenus  IHplazium  of  Asplenium''  and  Schenk  has  figured 
fertile  pinnules  of  the  same  type  in  the  case  of  the  aUied  Asplenites 

1  Tableau,  p.  25. 

•  Saporta,  PaL  Fianoe,  ser.  2,  V^taox,  Plantea  Jonaa.,  toI.  1, 1^78,  pp.  206, 209. 
«  Schimper,  PaL  V^t,yol.  3, 1874,  p.  508. 

4  Schimper  In  Zittel's  Handbadi  der  Palaeontologle,  Abth.  1, 1890,  pp.  99, 100. 

•  Seward,  Wealden  Flora,  pt  1, 1894,  p.  88. 

•  Saporta,  Pal.  Franoe,  ser.  2,  V6g6taax,  Plantes  Juraas.,  yoL  4, 1888,  p.  857. 
'  Heer,  Flora  fosB.  Arot,  vol.  4, 1877,  p.  38,  pL  21,  figs.  3, 4. 
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roesserti.^  Certain  specimens  of  the  Jurassic  species  dadopJdebia 
lohifolia  show  that  the  sporangia  in  this  species  were  apparently 
borne  in  semicircular  pocket-like  depressions  on  the  edges  of  the 
fertile  segments*  while  the  fructifications  of  Cladophlehis  denlicuUUa 
are  in  the  form  of  narrow  oblong  sori  parallel  with  the  secondary 
veins  and  are  compared  by  Seward'  with  the  modem  forms  As'pUnium 
Ingubre  and  PJiegopteris  decusaata. 

In  his  latest  utterance  on  this  subject  Professor  Seward  says  that 
''there  are  fairly  good  grounds  for  the  assertion  that  some  at  least  of 
the  fronds  described  under  this  name  are  those  of  Osmundace®."  ^ 

Zeiller  has  recently  described  a  species  from  the  Wealden  of  Peru 
which  he  considers  identical  with,  or  very  close  to,  CladopTdebia 
hrovmiana  in  which  the  sporangia  are  biseriate,  oval,  and  annulate  as 
in  the  Schizaeaceffi.  These  are  said  to  be  very  Uke  those  of  the 
Jurassic  genus  KlvJcia  of  Raciborski.^ 

In  the  Potomac  flora  •  we  find  that  14  so-called  species  of  Aspiiium 
Swartz  {Dryopteris  Adanson),  mostly  fertile  fronds,  were  described 
by  Fontaine  in  1890.  These  showed  mostly  large  eUiptical  or  reni- 
form  sori  in  rows  on  each  side  of  the  midvein  and  located  generally 
on  the  distal  branch  of  a  furcate  vein  and  usually  wanting  in  the 
apical  part  of  the  pinnule.  These  were  compared  by  this  author  with 
modem  species  of  Aspidium,  Cystopteris,  Polysiichum,  and  Didy- 
rnochlaena.  The  preservation  is  not  of  the  best,  the  matrix  being 
coarse,  and  Fontaine's  figures  are  largely  idealized.  It  has  seemed 
remarkable  that  the  fronds  of  Dryopteris  in  the  Potomac  beds  were 
almost  always  fertile,  while  those  of  CladopMebis,  in  intimate  associ- 
ation with  them,  were  invariably  sterile. 

By  careful  comparison  it  has  been  possible  to  correlate  the  fertile 
specimens  described  as  Dryopteris  with  the  sterile  CladopJiUJna  ff onds  of 
the  same  species  in  five  of  the  types  which  are  represented  in  the  Poto- 
mac flora  by  sterile  and  fertile  fronds,  and  the  presimiption  is  strong, 
although  unverified,  that  the  remaining  Dryopteris  forms  represent 
fertile  fronds  of  Cladophlebis.  While  the  foregoing  facts  are  not  in 
unison  in  regard  to  the  systematic  position  of  CladopMebis,  they  all 
point  to  the  inclusion  of  the  following  American  species  in  the  family 
Polypodiacero  or  in  what  represented  this  family  in  Lower  Cretaceous 
times,  and  cast  doubt  upon  Raciborski's  suggestion  that  Cladophlebis 
denticulata  and  other  species  of  the  same  genus  were  the  sterile  fronds 
of  osmundaceous  ferns.  It  is  quite  possible  that  ferns  of  more  than 
one  subfamily  of  the  PolypodiacesB,  or  indeed  of  other  families,  are 

t  Bdienk,  Flora  Fosb.,  Orens.  Keup.  Lias,  1867,  p.  51,  pi.  7,  flgs.  7, 7a. 

•  Seward,  Juraaaio  Flora,  pt.  1, 1000,  p.  23. 

•  Idem,  p.  141. 

« Seward,  FoasU  Plants,  vol.  2, 1910,  p.  345. 

•  Zeiller,  Comptea  Rendus,  vol.  150, 1910,  p.  1488. 

•  Fontaine,  Monogr.  U.  B.  QeoL  Surv.,  vol.  15,  1800,  pp.  93-104. 
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included  among  the  various  described  species  of  Cladophldns.  It  need 
but  be  remembered  how  many  unrelated  modem  ferns  have  fronds 
of  the  CladopMebis  type,  as  for  example  certain  species  of  AlsophUa, 
Asplenium,  Cyathea,  Dryopteris,  Gleichenia,  Onodeay  Osmunda, 
Pterisy  Polypodium,  etc.,  to  cast  doubt  upon  the  botanical  aflSnity 
of  Cladophlebis  species  unless  these  are  attested  by  a  considerable 
body  of  evidence.  It  is  believed,  however,  that  the  Potomac  species 
are  all  to  be  included  in  the  subfamily  Aspidie»,  or  as  it  is  more  prop- 
erly known,  Dryopteridese;  and  because  of  this,  and  also  because 
their  actual  identity  with  the  modem  genus  Dryopteris  or  in  fact  with 
any  of  the  modem  genera  in  this  subfamily  is  extremely  questionable, 
it  has  seemed  wiser  to  use  the  more  general  name  CladopMebis  instead 
of  using  Dryopteris  where  the  sterile  and  fertile  fronds  have  been 
correlated. 

A  large  number  of  species  of  CladopWehis  have  been  described,  two 
species,  according  to  Arber,  occurring  in  the  Permo-Carboniferous  of 
India.  The  genus  appears  in  force  in  the  Keuper  and  Rhaetic  with 
more  than  a  dozen  recorded  species.  Over  a  score  are  recorded  during 
the  Jurassic,  certain  types  such  as  OladopMeMs  deriticulata  apparently 
becoming  world  wide  in  their  distribution.  For  the  Lower  Cretaceous 
Saporta  has  founded  a  large  number  of  species  based  upon  Portu- 
guese material  and  Fontaine  has  instituted  a  still  larger  number  of 
American  species.  From  the  Potomac  beds  of  Maryland  and  Virginia 
the  latter  author  recorded  23  different  species  besides  several  varieties 
of  OladophleUs,  altogether  losing  sight  of  variations  and  changes  due 
to  age  or  to  position  of  the  fossils  with  regard  to  the  frond  as  a  whole, 
as  well  as  changes  due  to  the  direct  action  of  the  environment.  These 
species  were  often  based  upon  such  insufficient  material  that  it  becomes 
almost  impossible  to  deal  with  them  with  any  degree  of  assurance. 
In  considering  all  of  the  more  representative  material,  and  including 
with  it  all  of  the  forms  recorded  from  Maryland,  we  have  a  total  of 
8  species,  and  these  8  species  include  remains  which  were  the  basis  for 
23  of  Fontaine's  species  and  varieties  of  CladopMebis,  6  of  his  species 
of  Dryopteris  and  9  of  his  species  of  Pecopteris, 

CLADOPm.SBIS  ALBBRTSn  (Dimker)  Bnmsnkrt 

Neuropteris  alhertsii  Dunkbr,  Monogr.  NorddeutBch.  Wealdenbildung,  1846,  p.  8, 

pi.  7,  figs.  6,  6a. 
AleUhopterU  alherUii  Schdcpbr,  Pal.  V^6t,  vol.  1, 1869,  p.  570. 
Pecopteris  whitbiensis  Tratttschold,  Nouv.  M6m.  Soc.  Nat.  Moseou,  vol.  13, 1870, 

p.  27,  pi.  19,  fig.  2. 
Pteris  r  alhertm  Heeb,  Flora  foss.  Ajct.,  vol.  6,  Abth.  2,  1882,  p.  29,  pi.  16, 

figs.  5,  6;  pi.  28,  figs.  1-8;  pi.  46,  figs.  22-24. 
Pteris  albertini  Velengyset,  Abh.  k.  bdhm.  Ges.  Wias.,  vol.  2, 1888,  p.  15,  pi.  4, 

figs.  6-10  (not  fig.  5). 
Cladophlebis  alhertsii  Brongniabt,  Tableau,  1849,  p.  107.— Sbward,  Wealden 

Flora,  pt.  1, 1894,  p.  91,  pi.  8. 
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CJadophlebia  incHnata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  76, 

pi.  10,  figs.  3,  4;  pi.  20,  fig.  8. 
Cladophlebis  denticulata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  71, 

pi.  4,  fig.  2;  pi.  7,  fig.  7  (not  Nathoret). 
Cladophlebis,  sp.,  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  77,  pi.  10, 

figs.  5,  8;  pi.  20,  fig.  7. 
Cladophlebis  pachyphylla  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 

p.  80,  pi.  25,  fig.  9. 
Cladophlebis,  sp.,  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  77,  pi.  15, 

fig.  6;  pi.  19,  fig.  3. 
Aspidivm  angusHpinnatum  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 

p.  98,  pi.  16,  figp.  1,  3,  8;  pi.  17,  fig.  1;  pi.  19,  fig.  10. 
Dryopteris  angxisHpinnata  Knowlton,  Bull.  152,  U.  S.  Geol.  Surv.,  1898.— Fon- 
taine, in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  540,  544,  548, 

pi.  114,  fig.  6. 
Aspidivm  oerstedi  f  Fontaine,  Monogr.  15,  U.  S.  Geol.  Surv.,  1890,  p.  99,  pi.  19, 

fig.  4  (not  Heer). 
Dryopteris  oerstedi  f  Knowlton,  Bull.  152,  U.  S.  Geol.  Surv.,  1898,  p.  92. 

Description. — ^A  large  amount  of  material  has  been  referred  to  this 
species  since  Dunker^s  day,  so  that  his  diagnosis  may  be  considerably 
amplified.     In  general  these  forms  show  the  following  characters: 

Fronds  large,  bipinnate  or  tripinnate.  Rachis  stout.  Pinnae  linear 
lanceolate,  alternate  to  subopposite,  becoming  pinnatifid  distally. 
Pinnules  usually  attached  by  their  whole  base,  which  is  slightly 
expanded,  contiguous  but  usually  separated  to  the  base,  lanceolate, 
slightly  falcate,  acuminate.  Margin  usually  entire,  more  rarely 
somewhat  dentate  in  the  apical  portion.  Venation  of  the  usual 
CladopJilebis  type.  Fertile  fronds  have  the  rachis  more  slender 
than  in  the  sterile  fronds.  The  son  are  borne  on  a  distal  branch  of  a 
furcate  vein,  as  in  other  Potomac  species  of  CfladopJdebis,  and  form  a 
row  on  either  side  of  the  midvein  of  the  pinnules,  which  are  otherwise 
indistinguishable  from  the  sterile  pinnules,  though  inclined  to  be 
straighter. 

This  species  has  been  made  to  include  a  large  amount  of  material 
from  various  horizons  and  locaUties  which  in  the  first  instance  was 
described  as  various  species  of  Neuropterisy  Aleihopieris,  Pecopteris, 
Pteris,  etc.  It  is  not  at  all  certain  that  the  result  may  not  be  a  com- 
posite species  made  up  of  several  distinct  species  with  indistinguish- 
able vegetative  characters,  and  it  would  not  be  difficult  to  select  still 
other  forms  from  various  parts  of  the  world  which  could  scarcely  be 
separated  from  the  foregoing. 

CfladopTUehis  aXbertsii  was  not  recognized  as  such  in  Professor 
Fontaine's  Potomac  studies,  but  it  is  obvious  that  the  forms  described 
as  CladopJdehis  indinaia  and  CladopWebis  dervHcvJaia  (this  was 
described  as  a  new  species  and  is  decidedly  different  from  Bron- 
gniart's  species  of  the  same  name  which  Nathorst  has  referred  to 
CladopJUebia)  and  as  Aspidium  angustipinnatum  are  identical  with 
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eadi  other  and  with  those  ferns  in  the  European  Wealden  which  are 
referred  to  dadophiehis  aJbertsii.  The  additional  fragments  of 
Potomac  ferns  which  are  referred  to  this  species  are  not  common  and 
are  equally  unimportant  botanically  and  stratigraphically.  The  two 
Oladophlebis,  sp.,  Fontaine  are  clearly  enough  referable  to  this  species. 
OladopMebis  pachyphyUa  is  considered  as  an  anomalous  piima,  with 
thicker,  more  remote  pinnules*,  which  are  contracted  at  the  base.  It 
was  founded  on  a  single  fragment  from  Fredericksburg,  Virginia,  and 
if  not  an  example  of  this  species  is  simply  a  distal  aberrant  pinna  of 
one  of  the  other  described  species  from  that  locality.  The  specimen 
which  was  the  basis  for  the  presence  of  Aspidium  oerstedi  Heer  in  this 
flora  is  the  merest  fragment  without  significance  in  any  way. 

The  fertile  pinnsB  of  OladopMebis  alberisii  agree  with  those  of 
dadophiehis  parva  and  other  Potomac  species  in  the  general  character, 
form  and  arrangement  of  the  sori,  the  nature  of  the  material  precluding 
any  more  detailed  information  on  this  point.  The  sori  appear  to  be 
confined  to  the  basal  part  of  the  proximal  pinnules.  The  present 
species  is  closely  related  to  the  contemporaneous  form  OladopMebis 
virginiensis  Fontaine. 

It  is  common  in  the  Wealden  of  England  and  Germany  and  prob- 
ably in  homotaxial  beds  in  Austria  and  Russia.  It  has  been  recorded 
from  the  Cenomanian  of  Bohemia  and  from  the  Atane  beds  of  Green- 
land, but  both  of  these  determinations  may  be  considered  as  very 
doubtful.  In  this  country  it  is  definitely  known  only  from  the 
Potomac  group.  It  has  been  recorded  from  the  Patapsco  formation 
at  Vinegar  Hill,  Maryland,  but  the  single  specimen  is  referred  by 
the  writer  to  OladopMebis  virginiensis  which  is  abimdant  at  this 
locality. 

Occurrence. — ^Patuxent  formation:  Potomac  Run, Telegraph  Sta- 
tion (Lorton),  Dutch  Gap,  Trents  Reach,  Fredericksburg,  Virginia. 
Arukdel  foematiok:  Arlington,  Hanover,  Bay  View,  Maryland. 

OoUecHons. — ^United  States  National  Museum,  Goucher  College. 

oladophlebis  BROWNIANA  (Dunlctt)  Sewud. 

Pecopteri8  brovmiarm  Dunker,  Monogr.  Norddeutsch.  Wealdenbildung,  1846, 

p.  5,  pi.  8,  fig.  7.— FoNTAiNB,  Monogr.  U.  S.  Geol.  Survey,  vol.  15,  1890,  p. 

88,  pi.  22,  figs.  10,  11;  pi.  23,  figs.  2-7;  pi.  26,  figs.  3,  13;  Proc.  U.  S.  Nat. 

Mus.,  vol.  15,  1892,  p.  492.— Dawson,  Trans.  Roy.  Soc.  Can.,  vol.  10,  sec. 

4,  1893,  p.  84,  fig.  3.— YoKOYAMA,  Joum.  Coll.  Sci.  Jftpan,  vol.  7,  1896, 

p.  218,  pi.  24,  figs.  2,  3;  pi.  27,  figs.  1-6. 
AUthopteris  reUhiana  EmNGSHAUSEN,  Abh.  k.k.  geol.  Reichs.,  vol.  1,  Abth.  3, 

1852,  p.  17. 
Alethoptens  browniana  Schucpeb,  Pal.  V^6t.,  vol.  3,  1874,  p.  502. 
Cladophlebia  browniana  Sewabd,  Wealden  Flora,  pt.  1, 1894,  p.  99,  pi.  7,  fig.  4. — 

Ann.  S.  Air.  Mus.,  vol.  4, 1903,  p.  10,  pi.  2,  figs.  1-4, 6.— -Knowlton,  Smiliis. 

Misc.  Coll.,  vol.  4,  pt.  1,  1907,  p.  108,  pi.  11,  ^.  1.— Knowi/ton,  in  Diller, 

Bull.  Geol.  Soc.  Amer.,  vol.  19, 1908,  p.  386.— Fontaine,  in  Ward,  Monogr. 

U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  272,  510,  517,  538,  544,  547,  557,  572. 
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.    Pecopterii  cf .  Brotonioma  Nathorst,  Denkschr.  k.  Akad.  Wiaa.  Wien,  vol.  57, 1890, 

p.  63,  pi.  5,  fig.  5. 
Clacbphlebis  inaequxloba  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p . 

80,  pi.  25,  fig.  8.— Fontaine,  in  Ward,  Monogr.  TJ.  S.  Geol.  Surv.,  vol.  48, 

1906,  p.  510. 
CladopkUbis  petioUUa  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  80, 

pi.  22,  fig.  8. 
Cladophlebis  ohlongifolia  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 

p.  74  (part),  pi.  7,  fig.  5  (not  figs.  3,  4  which  are  referred  to  Cladophlebis 

yirginiensis  Fontaine). 
CladopJdebis  crenata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  75, 

pi.  9,  figs.  7-9;  pi.  10,  figs.  1,  2;  pi.  13,  figs.  1-3;  pi.  19,  fig.  7;  pi.  20,  fig.  6.— 

Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  p.  547. 
Cladophlebis  aUUa  Fontaine,  Monogr.  U.  S.  Gfeol.  Surv.,  vol.  15,  1890,  p.  77,  pi. 

19,  fig.  5.— Fontaine,  in  Ward,  Monogr.  U.  S.  Gfeol.  Surv.,  vol.  48, 1906,  pp. 

229,  480,  510,  544,  557,  pi.  65,  figs.  17-21. 
Cladophlebis  ineliruUa  Fontaine,  in  DiUer  and  Stanton,  Bull.  Geol.  Soc.  Amer., 

vol.  5,  1894,  p.  450. 
Clacbj^Uebis,  sp.,  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  78,  pi. 

19,  fig.  2. 
Pecopieris  strictinervis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  84, 

pi.  13,  figs.  ft-«;  pi.  19,  fig.  9;  pi.  20,  fig.  3;  pi.  22,  fig.  13;  pi.  170,  figs.  5,  6. 
Pecopieris  ovatodentata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p. 

85,  pi.  15,  fig.  8;  pi.  22,  fig.  12;  pi.  23,  fig.  1. 
Pecopteris  microdonta  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  85, 

pi.  19,  fig.  8;  pi.  20,  figs.  5,  11. 
Pecopteris  virginiensis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p. 

82,  pi.  8,  figs.  1-7;  pi.  9,  figs.  1-6;  pi.  24,  fig.  2;  pi.  169,  fig.  3.— Fontaine, 

in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 1906,  pp.  480,  538,  552,  pi.  116, 

figs.  3,  4. 
Pecopteris  constricta  Fontaine,  Monogr.  U.  S.  Greol.  Surv.,  vol.  15,  1890,  p.  86, 

pi.  20,  figs.  1,  2,  4.— Fontaine,  in  Ward,  Monogr.  U.  S.  Creol.  Surv.,  vol.  48, 
•   1906,  p.  519. 
Pecopteris  socialis  Fontaine,  Monogr.  TJ.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  87, 

pi.  21,  fig.  7  (not  Heer,  1882). 
Pecopteris  angusHpennis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p. 

87,  pi.  21,  fig.  10. 
Pecopteris  cf .  virginiensis  Yoxoyama,  Joum.  Coll.  Sci.  Japan,  vol.  7, 1895,  p.  220, 

pi.  24,  fig.  1. 

Description. — ^The  American  material  which  the  writer  refers  to 
this  species  is  much  more  abimdant  than  that  from  abroad,  and 
the  following  diagnosis  may  be  attempted: 

Frond  bipinnate  or  tripinnate.  Pinnae  elongate,  linear  in  outline.* 
Pinnules  approximate,  variable  in  outline,  usually  obtuse  and  becom- 
ing united  distad  to  form  a  pinnatifid  pinna,  which  is  then  constricted 
and  slightly  decurrent  at  the  base.  Venation  of  the  Cladophlebis 
type  not  well  seen  in  the  smaller  pinnules  because  of  their  coriaceous 
texture. 

This  is  another  cosmopolitan  species  of  Cladophlebis  which  may 
be  composite  in  nature  and  which,  as  commonly  preserved  in  frag- 

1  The  sinsle  form  which  Fontaine  Identified  with  this  species  has  plnn»  which  shorten  npldlyt  glvhig 
the  frond  a  deltoid  form,  and  may  be  properly  referable  to  the  allied  species  dadopUMt  ungeri. 
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mentary  specimens,  is  distinguishable  with  difficulty  from  its  conge- 
ners. It  is  especially  close  to  CladopTdebis  cUberisii  and  CladopKUbis 
ungeri.  It  is  recorded  from  the  uppermost  Jurassic  and  lowermost 
Cretaceous  in  Portugal,  from  the  Neocomian  of  Japan,  and  from 
the  Wealden  of  England,  Germany,  and  Austria.  In  America  it 
has  been  reported  from  the  Shasta  through  the  Horsetown  and  in 
the  base  of  the  Chico  formation  on  the  Pacific  coast,  and  from  the 
Kootenai  formation  of  Montana  and  British  Columbia. 

It  is  well  scattered  and  abundant  in  the  Potomac  group,  occurring 
in  all  three  of  the  formations,  but  represented  for  the  most  part  by 
incomplete  specimens  showing  slight  variations,  which  were  made 
the  basis  for  many  species  of  Professor  Fontaine.  Material  from 
the  Patapsco  formation  of  Maryland  shows  indistinct  oval  sori  in 
a  single  row  on  either  side  of  the  midvein.  These  are  of  the 
type  found  associated  with  a  number  of  other  American  species  of 
OladopMehis. 

Professor  Zeiller  *  has  recently  reported  fertile  fronds  of  Pecopteris 
hravmiana,  or  of  a  very  similar  species,  from  the  Wealden  of  Peru. 
These  are  not  figured,  but  are  described  as  having  biseriate,  oval, 
annulate  sporangia  as  in  the  modem  family  SchizaeaceaB  and  very  like 
those  of  the  Jurassic  genus  Klukia  of  Raciborski,  thus  apparently 
somewhat  different  from  those  of  the  American  representatives  of 
the  present  species.  Fragments  from  the  Neocomian  of  Japan, 
showing  oval  sori,  are  referred  to  this  species  by  Yokoyama.* 

Occurrence. — ^Patuxent  formation:  Fredericksburg,  Dutch  Gap, 
Alum  Rock,  Telegraph  Station  (Lorton),  Potomac  Run,  Virginia; 
New  Reservoir,  Ivy  City,  District  of  Columbia ;  Broad  Creek  (?),  Mary- 
land. Arundel  forbcation:  Arlington,  Hanover,  Howard  Brown 
Estate,  Maryland.  Patapsco  formation  :  Brooke  and  vicinity,  Chin- 
kapin Hollow,  Virginia;  Federal  Hill  (Baltimore),  Vinegar  Hill, 
Maryland. 

Collections. — ^United  States  National  Museum,  Johns  Hopkins 
University,  Goucher  College. 

CLADOPHLBBIS  CONSTRICTA  Fontaine,  emended. 

Cladophlehis  comtricta  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  68, 
pi.  2,  fig.  11;  pi.  3,  fig.  2;  pi.  6,  figs.  5,6,  8-14;  pi.  21,  figs.  9, 13;  pi.  169,  fig.  2.— 
FoNTAiNB,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  280,  297, 
504,  528,  647,  pi.  77,  fig.  26.— Penhallow,  Summ.  Geol.  Surv.  Can.,  1904 
(1905),  p.  9.— Knowlton,  Smiths.  Misc.  Coll.,  vol.  4,  pt.  1,  1907,  p.  109. 

Cladophlebis  latifolia  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  69, 
pi.  3,  fig.  1;  pi.  6,  fig.  4. 

Cladophlebis  virginiensis  Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 
1906,  p.  512,  pi.  Ill,  fig.  7. 

I  ZeiUcr,  Comptes  Rendus,  vol.  160, 1910,  p.  1488. 

<  Yokoyama,  Joum.  Coll.  Sd.  Japan,  vol.  7, 1805,  p.  220.' 
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Description. — ^Frond  lai^e,  bipinnate  or  tripinnate.  Principal 
rachis  rather  slender.  Pinned  remote,  shortening  rapidly  distad. 
Proximad  they  ate  pinnatifid,  changing  first  into  pinnules  with 
undulate  margins  and  then  into  those  with  entire  margins  in  passing 
toward  the  apex  of  the  frond.  Pinnules  elliptical  in  outline,  con- 
stricted at  the  base,  which  is  rounded  or  subauriculate.  Venation  of 
the  usual  Cladophlebis  type. 

This  species  has  been  identified  at  a  number  of  localities  in  Mary- 
land and  Virginia,  but  it  is  not  common  at  any  of  these.  Outside 
this  area  it  has  been  reported  from  the  Kootenai  of  Montana,  and 
very  similar  forms  occur  in  the  Kome  beds  of  Greenland,  as,  for 
example,  those  which  Heer  described  as  Pecopteris  arctica,^  Pecop- 
teris  andersoniana,*  and  Pecopteris  hyperborean  Abroad  the  species 
described  by  Schenk  *  from  the  German  Wealden  as  AleOiopteris 
cycadina  is  very  close  to  the  American  species,  as  Fontaine  has 
idready  pointed  out. 

CladopMebis  constrida  exhibits  considerable  variation  in  the  degree 
of  remoteness  and  outline  of  the  pinnules,  and  may  possibly  include 
more  than  one  species,  the  fact  that  certain  of  these  aberrant  forms 
come  from  the  low  horizon  at  Fredericksburg  while  all  of  the  other 
occurrences  are  from  Patapsco  outcrops  lends  some  credence  to  this 
suggestion.  The  species  has  been  reported  by  Penhallow  from  the 
Kootenai  in  Canada,  but  this  determination  can  not  be  accepted  with 
certainty. 

Occurrence. — ^Patuxentfoemation:  Fredericksbui^,Vii^inia.  Pa- 
tapsco pobmation:  Hell  Hole  (I),  Brooke,  Deep  Bottom,  Virginia; 
Federal  Hill  (Baltimore),  Vinegar  Hill,  Fort  Foote  (I),  Maryland. 

Collections. — United  States  National  Museum. 

CLADOPHT.RBTS  DISTANS  Fontaine,  emended. 

CladophlehU  distans  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  77, 
pi.  13,  figs.  4,  5.— Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 
1906,  pp.  280,  572. 

DryopterU  fredericksburgensia  ENOWim>K,  BuU.  152,  U.  S.  Geol.  Surv.,  1898, 
p.  92.— Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 1906,  pp.  280, 
512,  538,  548,  pi.  112,  fig.  2. 

Aspidiumfredericksburgenae  Fontaine,  Monogr.  U.  S.  Greol.  Surv.,  vol.  15,  1890, 
p.  94,  pi.  11,  figs.  1-6;  pi.  12,  figs.  1-6;  pi.  16,  fig.  9;  pi.  19,  figs.  6,  7.— Pen- 
hallow,  Trans.  Roy.  Soc.  Can.,  sec.  3,  vol.  1;  sec.  iv,  1908,  p.  307. 

Description. — Frond  large  and  coarse,  bipinnate  or  tripinnate. 
Rachis  very  stout  and  rigid.  Pinnse  of  the  ultimate  order  mostly 
alternate,  rarely  opposite  or  subopposite,  with  rigid  and  proportion- 
ally rather  slender  rachises,  very  long,  linear.    Pinnules  alternate, 

I  Heer,  Flore  foss.  Aict.,  vol.  1, 1868,  p.  80,  pi.  1,  fig.  13;  pL  48,  fig.  fi. 

>  Idem.,  vol.  3,  Abth.  2, 1874,  p.  41,  pi.  8,  fig.  7d. 

1 1dem.,  vol.  1, 1868,  p.  81,  pi.  44,  fig.  4. 

«  Palaeont.,  vol.  19. 1871,  p.  218,  pi.  31.  fig.  2. 
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oblong  or  ovate,  obtuse,  slightly  falcate,  and  usually  with  a  some- 
what rounded  and  slightly  constricted  base,  separate,  more  or  less 
remote,  in  some  specimens  those  of  the  lower  pinn»  with  crenate 
margins,  those  of  the  upper  ones  entire,  passing  in  the  middle  part 
of  the  frond  through  pinnules  with  imdulate  margins.  Leaf-substance 
thick  and  leatheiy.  Midvein  of  the  usual  CladopJddns  type,  that  is, 
strong  at  base  and  dissolving  into  branches  at  the  summit;  lateral 
nerves  of  the  crenate  and  undulate  pinnules  in  groups  in  each  tooth, 
composed  of  a  midvein  which  sends  off  alternate  simple  branches,  or 
else  of  forked  veins  with  one  of  the  branches  forking  again;  those  of 
the  pinnules  with  entire  mai^ins  usually  once  forked,  all  quite  dis- 
tinct; fertile  specimens  rare.  Sori  veiy  large,  eUiptical  or  reniform  in 
shape,  and  distributed  in  two  rows,  one  on  each  side  of  the  midvein^ 
attached  to  the  summit  of  the  upper  branch  of  a  furcate  nerve. 

This  species  is  quite  generally  distributed  throughout  the  Potomac 
formations,  although  there  is  but  one  recorded  occurrence  from  the 
Arundel  formation.  It  is  abundant  in  the  Fatuxent  formation  at 
Fredericksburg  and  outside  the  Maryland-Virginia  area  it  has  been 
recorded  from  the  Kootenai  formation  of  Montana  and  British 
Columbia  and  the  Shasta  of  the  Facific  coast  province. 

The  sterile  and  fertile  pinnse  are  closely  similar  in  outline  and 
venation,  the  former  being  much  more  abundantly  represented  than 
the  latter.  They  are  both  very  similar  to  those  of  Oladophlebis  parva 
Fontaine  and  may  be  compared  with  a  number  of  European  and 
Kome  species  of  Okdophlehia,  AleihopteriSf  Pecopteris,  etc. 

Occurrence. — Fatuxent  formation:  Fredericksburg,  Dutch  Gap, 
Telegraph  Station  (Lorton),  Virginia;  Broad  Creek,  Maryland. 
Arundel  formation:  Arlington,  Maryland.  Fatapsco  formation: 
Chinkapin  Hollow,  Virginia. 

Collections, — ^United  States  National  Museum. 


CLADOPHLBBIS  PARVA  FonlaiiM,  < 

Cladophlebis  parva  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  73, 

pi.  4,  fig.  7;  pl.  6,  figB.  1-3.— Fontadie,  in  Ward,  19th  Ann.  Rep.  U.  S.  Geol. 

Surv.,  pt.  2, 1899,  p.  657,  pl.  160,  fig.  18;  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 

1906,  p.  225,  280,  510,  538,  pl.  65,  figs.  5-8.— Knowi/ton,  in  Diller,  Bull. 

Geol.  Soc.  Amer.,  vol.  19,  1908,  p.  386. 
Cladophlebis  incUnata  Fontaine,  in  Diller  and  Stanton,  Bull.  Geol.  Soc.  Amer., 

vol.  5,  1894,  p.  450.— Fontaine,  in  Stanton,  Bull.  133,  U.  S.  Geol.  Surv., 

1896,  p.  15. 
Cladophlebis,  sp.,  Fontaine,  Monogr.  U.  S,  Geol.  Surv.,  vol.  15,  1890,  p.  81,  pl. 

26,  fig.  15. 
Aspidium  heterophyllum  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p. 

96,  pl.  14,  figs.  1-5;  pl.  15,  figs.  1-^5.- Fontaine,  in  Diller  and  Stanton,  Bull. 

Geol.  Soc.  Amer.,  vol.  5,  1894,  p.  450.— Fontaine,  in  Stanton,  Bull.  133, 

U.  S.  Geol.  Surv.,  1896,  p.  15. 
Dryopteris  heterophylla  Knowlton,  Bull.  152,  U.  S.  Geol.  Surv.,  1898,  p.  92.— 

Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  483,  550, 

pl.  115,  figs.  7,  8. 
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Description. — Fronds  large,  bipinnate  or  tripinnate.  Eachis  very 
stout.  PinnsB  linear-lanceolate,  becoming  somewhat  falcate  in  out* 
line  distad,  and  passing  from  alternate  to  subopposite.  Pinnules 
relatively  wide,  f dcate,  acuminate  in  the  sterile  forms  but  obtuse  in 
the  fertile,  variable  in  size  according  to  their  position.  The  distal  pin- 
nules which  represent  the  reduced  pinnae  lower  down  on  the  frond 
are  larger  and  relatively  more  slender  than  the  pinnules  of  the  lateral 
pinnsB,  which  are  almost  as  wide  as  they  are  long,  and  falcate.  Be- 
tween the  two  orders  there  is  every  gradation  on  each  frond  through 
pinnatifid  pinnsB  to  simple  pinnule-like  forms.  Margins  entire  or 
slightly  crenate,  especially  in  the  fertile  pinnules,  which  are  wider 
than  the  sterile.  Lateral  veins  usually  but  once  forked,  sometimes 
simple.  Texture  coriaceous.  Sori  large,  reniform  in  outline,  in  three 
or  four  pairs  on  either  side  of  the  midvein  at  the  end  of  a  distal  branch 
of  a  furcate  vein.  The  structure  or  arrangement  of  the  sporangia 
can  not  be  made  out  but  the  spores  are  preserved  in  abundance. 
They  are  small,  ranging  from  0.083  mm  to  0.05  mm  in  diameter,  with 
very  thick  walls,  the  outer  surface  covered  with  fine  granulations  not 
visible  with  ma^iifications  of  200  diameters  or  less.  The  tetrad  scars 
are  very  distinct.  In  form  as  well  as  size  these  spores  are  variable. 
The  smaller,  possibly  immature,  spores  are  trigonal  in  outline,  while 
the  larger  are  more  nearly  spherical. 

This  is  a  large  and  handsome  species  and  is  represented  in  the  col- 
lections by  material  of  both  the  sterile  and  fertile  fronds.  It  ranges 
from  the  bottom  to  the  top  of  the  Potomac  deposits,  and  outside  the 
Maryland-Vii^inia  area  is  recorded  from  the  Shasta  beds  of  the  Pacific 
coast,  the  Kootenai  of  Montana,  and  the  Lakota  formation  of  the 
Black  Hills.  There  are  a  number  of  European  Wealden  species  which 
are  similar  to  CladopMebis  parva,  but  it  is  believed  to  be  quite  dis- 
tinct from  its  contemporaries,  although  small  fragments  of  almost  any 
of  the  species  of  CladopMebis  are  likely  to  be  confused. 

Occurrence, — Patuxent. formation  :  Fredericksburg,  Cockpit  Point, 
Potomac  Kun,  Virginia.  Abunbbl  formation:  Arlington  (I),  Mary- 
land.   Patapsco  PORBiATiON:  Vinegar  Hill,  Maryland. 

Collections. — ^United  States  National  Museimi,  Goucher  College. 

CLADOPm.BBIS  ROTUNDATA  Fantefaie,  emended. 

CladophlehU  rotundata  FoNTAmE,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  78, 
pi.  20,  figs.  9,  10.— (?)  Penhallow,  Summ.  Geol.  Surv.  Can.  1904  (1905),  p. 
9.— Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 1906,  pp.  491, 510. 

Cladophlebis  brevipennU  Fontauve,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 
p.  81,  pi.  36,  fig.  1. 

Description — ^In  1890  Fontaine  describes  this  species  as  follows: 

Frond  bipinnate  or  tripinnate,  arbore8cent(?);  principal  rachis  stout,  rounded,  and 
prominent;  pinnse  abort,  with  a  strong  rigid  radus;  ultimate  pinnse,  from  the  lower. 
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part  of  the  frond,  with  alternatei  short,  broadly  ovate,  very  obtuse,  round-lobed 
pinnules,  those  of  the  upper  part  of  the  frond  having  the  lowest  pinnules  distinct 
and  more  or  less  round-lobed,  and  toward  the  summit  with  pinnules  passing  through 
such  forms  as  rotundate,  subrhombic,  and  decuirent  to  entire  and  rounded,  the  latter 
having  the  tips  round-lobed  and  very  obtuse;  nerves  varying  according  to  the  position 
and  shape  of  the  pinnules,  those  of  the  round-lobed  pinnules  and  of  the  pinnse  reduced 
to  pinnules  flabellately  diverging  in  each  lobe,  the  branches  being  either  forked  or 
simple.  The  nerves  of  the  subrhombic  pinnules  have  a  midnerve,  which  sends  off 
alternately  on  each  side  forked  or  simple  branches.  All  the  nerves  are  very  strongly 
marked  and  stout.    The  leaf-substance  is  thick  and  leathery. 

The  foregoing  description  was  written  for  Cladophlebis  rotundata, 
but  it  requires  no  alteration  to  include  the  rare  fragments  which  were 
named  Cladophlebis  brevipenniSj  as  the  material  on  which  the  two 
were  founded  is  identical;  in  fact,  the  description  of  the  latter  was 
practically  a  paraphrase  of  the  former. 

This  species,  while  founded  upon  rather  scant  remains,  is  well 
characterized  by  the  strong  venation  and  the  breadth  of  the  short 
ovate  pinnules.  It  may  possibly  represent  CladQpJdebis  constrida 
Fontaine,  as  it  closely  resembles  the  form  of  the  latter  species  which 
Professor  Fontaine  named  CladopTdebis  latifolia.  It  has  been  recorded 
by  Penhallow  from  Yukon  Territory  in  Canada,  but  the  identification 
is  very  doubtful. 

Occarrence. — Patuxent  formation:  Fredericksburg,  Dutch  Gap, 
Virginia.  Patapsco  formation:  Mount  Vernon,  Chinkapin  Hollow, 
Virginia. 

Collections. — ^United  States  National  Museum. 

CLADOPHLEBIS  UNOBRI  (Danker)  Wnd. 

Pecopteris  ungeri  Dunkeb,  Monogr.  Norddeutsch.  Wealdenbildung,  1846,  p.  6, 

pi.  9,  fig.  10. 
Pecopteris  polymorpha  Dttnker,  Monogr.  Norddeutsch.  Wealdenbildung,  1846, 

p.  6,  pi.  7,  fig.  5  (not  Brongniart). 
Pecopteris  dunieri  Schimpeb,  Pal.  Veget.,  vol.  1, 1869,  p.  539. 
Pecopteris  exiliformis  Getler,  Palaeont.,  vol.  24,  1877,  p.  226,  pi.  30,  fig.  1. 
Aspidium  dunkeri  Fontadie,  Monogr.  U.  S.  Geol  Surv.,  vol.  15,  1890,  p.  101, 

pi.  22,  figs.  9, 9a,  9&;  pi.  25,  figs.  11, 12;  pi.  26,  figs.  2, 8,  9, 18; pi.  54,  figP.  3, 9.— 

Fontaine,  in  Diller  and  Stanton,  Bull.  Geol.  Soc.  Amer.,  vol.  5,  1894,  p. 

450.-_FoNTAmE,  in  Stanton,  Bull.  133,  U.  S.  Geol.  Surv.,  1896,  p.  15. 
CladopUebis  dunkeri  Sewabd,  Wealden  Flora,  pt.  1,  1894,  p.  100,  pi.  7,  fig.  3.~ 

Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  510,  538. 
Pecopteris  exilis  Yokoyama,  Joum.  Coll.  Sci.  Japan,  vol.  3,  1890,  p.  35,  pi.  1, 

figs.  8-10. 
Aspidium  parv^olium  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p. 

100,  pi.  21,  fig.  6;  pi.  24,  fig.  8;  pi.  25,  fig.  10;  pi.  26,  figs.  1, 14, 16, 17. 
Dryopteris  parvifolia  Knowlton,  Bull.  92,  U.  S.  Geol.  Surv.,  1898,  p.  92.— 

Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  p.  486  (not  p. 

541,  pi.  114,  fig.  7). 
Pecopteris  geyleriana  Nathoest,  Dentochr.  k.  Akad.  Wias.  Wien,  vol.  67, 1890,  p. 

48,  pi.  4,  figs.  2-6.— Yokoyama,  Joum.  Coll.  Sci.  Japan,  vol.  7, 1895,  p.  219, 

pi.  21,  fig.  12;  pi.  23,  figs.  1,  la;  pi.  38,  fig.  6. 
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Peoopteria,  sp.,  Nathorst,  Denkschr.  k.  Akad.  Wias.  Wien,  vol.  57,  1890,  p.  48, 

pi.  4,  figs.  2-6. 
Cladophlebis  ungeri  Wabd  in  Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol. 

48,  1906,  pp.  228,  510,  538,  pi.  65,  figs,  15,  16.— Knowlton,  in  Diller,  Bull. 

Geol.  Soc.  Amer.,  vol.  19,  1908,  p.  386. 
Pecopteris  brevipennis  Fontainb,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  86, 

pi.  21,  figs.  1-3. — Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Siurv.,  vol.  48, 

1906,  p.  510. 
Pecopteris  pachyphylla  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  88, 

pi.  26,  figs.  4,  5. 

Description. — ^A  satisfactory  diagnosis  is  the  one  written  by  Pro- 
fessor Fontaine  for  his  Aspidium  DunJceri  which  will  answer  not  only 
for  that  material  but  for  all  of  the  other  supposed  species  founded  by 
Fontaine  upon  various  fragments  of  CladopMehis  ungeri.  It  is  as 
follows: 

Frond  bipinnate  or  tripinnate,  arborescent;  principal  rachis  stout  and  rigid;  ulti- 
mate pinnse  alternate,  short,  linear-lanceolate;  pinnules  alternate  or  subopposite, 
short,  closely  placed,  nairowed  at  the  base,  cut  more  or  less  deeply  into  lobes  or  teeth 
which  are  ovate  or  oblong,  obtuse  or  subacute,  very  small,  those  of  the  fertile  portions 
of  the  frond  standing  nearly  perpendicular  to  the  rachis  and  having  in  each  lobe  or 
pinnule  a  simple  lateral  nerve  which  bears  a  sorus  on  its  summit,  those  of  the  sterile 
and  more  common  portions  more  obliquely  placed,  mostly  subacute,  with  nerves 
in  each  lobe  that  fork  simply  in  the  upper  ones,  and  in  the  lower  ones  are  composed  of 
a  inidnerve  with  alternate  simple  branches;  leaf-substance  thick;  sori  very  minute, 
dub-shaped  or  elliptical,  visible  distinctly  only  with  the  help  of  a  lens,  and  present 
only  in  the  pinnules  of  the  lower  part  of  the  pinns,  and  mostly  found  on  the  lobes 
toward  the  base  of  these. 

This  species  was  described  by  Dimker  in  1846  from  the  Wealden  of 
Northern  Germany  as  Pecopteris  ungeri  and  Pecopteris  polymorpTia. 
Schimper  in  1869  renamed  the  latter  Pecopteris  dunkeri  for  the  reason 
that  the  specific  name  polymorpTia  had  been  used  by  Brongniart  in 
1828.  Schenk  two  years  later,  with  Dunker's  original  specimens 
before  him,  annoimced  that  Dunker's  ungeri  and  polymorpJia  were 
synonymous.  He  did  not,  however,  restore  Dunker^s  name  nor 
has  Seward  done  so  in  his  discussion  (1894)  of  this  species  in  the 
''Wealden  Flora."  In  accordance  with  the  prevailing  system  of 
nomenclature  Dunker's  original  name  must  be  used  for  this  species, 
and  this  proposal  was  made  by  Ward  in  1906.  Seward  in  1894  referred 
the  species  to  the  genus  CladopJdehis  and  while  the  American  material 
available  in  the  present  treatment  of  this  species  is  not  as  complete 
as  might  be  desired  it  furnishes  some  evidence  regarding  the  fertile 
fronds  of  still  another  species  of  Cladophlebis.  The  character  of  the 
fertile  material  is  rather  vague  and  while  it  is  clearly  congeneric  with 
a  number  of  other  of  Fontaine's  species  of  Aspidium,  it  is  hardly 
sufficient  evidence  of  their  relationship  with  that  modem  genus. 

The  present  species  is  close  to  CladopJdebis  hrowniana  and  is  appar- 
ently a  cosmopolitan  Lower  Cretaceous  type  since  indistinguishable 
material  occurs  not  only  in  the  English  and  Continental  Wealden 
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deposits  (Belgium,  Germany,  Austria),  but  in  the  Neocomian  of 
Portugal  and  Japan,  and  in  the  Uitenhage  series  of  South  Africa. 
Material  obtained  from  Japan  shows  obscure  fruiting  fragments  in 
which  the  pinnaB  are  narrowed,  and  there  is  apparently  a  smgle  sorus 
to  each  pinnule.*  The  species  is  also  reported  from  the  Albian  of 
Portugal  by  Saporta.  In  America  it  is  not  rare  in  the  Potomac  beds 
and  rather  doubtful  remains  are  referred  to  this  species  from  the 
Shasta  beds  of  Calif  omia.  It  is  probably  represented  in  the  Kootenai 
formation  of  Montana  by  Dryopteris  montaneTise  (Fontaine)  Knowl- 
ton.^  Professor  Seward  in  a  recent  paper  *  expresses  his  belief  that 
this  species  is  identical  with  CladopJdebis  brovmiana,  such  differences 
as  are  observable  being  merely  individual  and  not  specific.  This 
may  be  the  case  as  the  two  are  certainly  closely  allied.  There  is, 
however,  serious  danger  in  uniting  under  a  single  specific  name  fern 
fronds  from  all  quarters  of  the  globe  which  resemble  each  other, 
miless  the  evidence  of  their  identity  is  very  strong. 

Occurrence. — ^Patuxbnt  formation:  Woodbridge,  Fredericksburg, 
Dutch  Gap,  Telegraph  Station  (Lorton),  Virginia.  Patapsoo  forma- 
tion: Chinkapin  Hollow,  Virginia. 

CiMectians. — United  States  National  Museum. 

CLADOPHLEBIS  VntGINIENSIS  Fontaine,  emended. 

Cladojjhlebis  virffiniensis  Fontadjb,  Monogr.  U.  S.  Geol.  Siirv.,  vol.  15, 1890,  p.  70, 

pi.  3,  figs.  3-«;  pi.  4,  figs.  1,  a-6  (not  Fontaine,  1906). 
CladopkUhia  fakata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  72, 

pi.  4,  fig.  8;  pi.  5,  figs.  1-6;  pi.  6,  fig.  7;  pi.  7,  figs.  1,  2.— Fontaine,  in  Ward, 

Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  227,  280,  511,  548,  pi.  65,  figs. 

12-14;  pi.  Ill,  fig.  6.— KNOwi;roN,  in  Diller,  Bull.  Geol.  Soc.  Amer.,  vol.  19, 

1908,  p.  386. 
Cladojphlebis  acuta  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  74,  pi.  5, 

fig.  7;  pi.  7,  fig.  6;  pi.  10,  figs.  6,  7;  pi.  11,  figs.  7,  8;  pi.  166,  fig.  5.— Fon- 
taine, in  Waid,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  p.  538,  pi.  114, 

figs.  3,  4. 
Thinnfeldia  variabiMs  Fontaine,  in  Diller  and  Stanton,  Bull.  Geol.  Soc.  Amer., 

vol.  5, 1894,  p.  450.~FoNTAiNE,  in  Stanton,  Bull.  133,  U.  S.  Geol.  Surv., 

1896,  p.  15. 
CladojMebis  acuta  angustifolia  Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv., 

vol.  48,  1906,  p.  539,  pi.  114,  fig.  5. 
AspleniumdisUms  Dawson,  Trans.  Roy.  Soc.  Can.,  vol.  3,  sec.  4, 1886,  p.  6,  pi.  3, 

fig.  7  (not  Heer). 
Thinnfeldia  montanensia  Fontaine,  in  Weed  and  Pirsson,  18th  Ann.  Rept.  XJ.  S. 

Geol.  Surv.,  1896-97  (1898),  pt.  3,  p.  481. 
CladophUhia  falcata  montanenns  Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv., 

vol.  48, 1906,  p.  291,  pi.  71,  figs.  14-20. 
OladophUbia  obUmgifoUa  Fontaine,  Monogr.  U.  S.  Geol.  S\u^.,  vol.  15,  1890, 

p.  74  (part),  pi.  7,  figs.  3,  4  (not  fig.  6,  which  is  referred  to  C.  hrotorUana). 

1  Natborst,  DenkMbr.  k.  Akad.  WIsb.  Wten,  yol.  67, 18M,  pi.  4,  figs.  3-^  of  those  fig.  8  la  retaxed  to 
Wekkidia  manteUi  by  Seward,  1894. 

*  Fontaine,  Pioo.  U.  8.  Nat.  Mus.,  vol.  16, 1882,  p.  490,  pi.  82,  flgs.  1-^;  pi.  83,  figs.  2-da. 

•  Seward,  Ann.  8.  Air.  Mas.,  voL  4, 1903,  p.  10. 
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Description. — Frond  large,  bi-  or  tripinnate.  Rachis  stout  and 
rigid.  Ultimate  pinn»  long,  rather  remote,  alternate  to  subopposite. 
Pinnules  ovate  to  lanceolate  and  subfalcate  in  outline,  sometimes 
obtusely  pointed  mostly  separate  to  the  base,  attached  by  their  whole 
base  which  is  more  or  less  widened.  Venation  of  the  type  usual  in  this 
genus.  Margins  usually  entire,  sometimes  crenulate  to  subdentate 
becoming  entire  distad.  Texture  coriaceous.  The  degree  of  sepa- 
rateness  of  the  pinnules  as  well  as  their  relative  length  and  breadth 
and  their  more  or  less  falcate  form  are  characters  dependent  upon  the 
age  of  the  frond  or  the  position  of  the  pinnules  on  the  frond,  long 
narrow  almost  straight  proximal  pinnules  passing  gradually  into 
more  or  less  short,  broad  and  falcate  distal  pinnules. 

This  species  is  not  very  different  from  the  widespread  type  of 
Oladophlehis  commonly  referred  to  the  species  albertsii  of  Brongniart. 
It  exhibits  considerable  variation  from  specimen  to  specimen,  but 
these  variations  show  so  many  gradations  and  are  so  readily  explained 
when  the  position  of  the  various  fossil  fragments  upon  the  frond  is 
taken  into  consideration  that  any  segregation  of  them  is  entirely 
unwarranted.  In  general  the  pinnules  are  larger  and  relatively 
much  wider  than  in  (JladopJilebis  albertsii. 

The  present  species  is  very  common  at  certain  localities  both  in  the 
Patuxent  and  Arundel  formations,  and  although  it  apparently  sur- 
vives during  the  deposition  of  the  Patapsco  formation  it  is  less  com- 
mon. Outside  of  the  Maryland-Virginia  area  remains  of  this  species 
have  been  reported  from  the  Shasta  beds  of  California  and  from  the 
Kootenai  of  Montana  and  British  Columbia.  Seward*  refers  the 
bulk  of  Fontaine's  figures  of  CladopJdehis  virginiensis  Fontaine  to 
Todites  uoilliamaoni  (Brongniart),  a  widespread  older  Jurassic  species, 
but  this  reference  has  no  justification.  CladopJUebis  nathorsti  Yoko- 
yama*  from  the  Neocomian  of  Japan  is  very  close  to  the  present 
Potomac  species. 

Occurrence. — ^Patdxbnt  fobmation:  Fredericksbui^,  Dutch  Gap, 
Potomac  Run,  Virginia.  Akundel  formation  :  Arlington,  Maryland. 
Patapsco  formation:  Vinegar  Hill,  Maryland;  Chinkapin  Hollow, 
Virginia. 

Collections. — ^United  States  National  Museum,  Goucher  College. 

THE  GENUS  ONYCHIOPSIS. 

Yokoyama  characterized  the  genus  Onychiopsis  as  follows :  "  Fertile 
segments  different  from  the  sterile.  Sori  terminal,  linear,  on  each 
side  of  the  midrib,  parallel  with  the  ma^in,  involucrate;  the  involu- 
crum  of  each  side  confiuent  over  the  midrib." '    It  was  based  on  a 

1  Seward»  FossU  Plants,  vol.  2, 1910,  p.  340. 

*  Yokoyama,  Joum.  Coll.  Sol.  Japan,  vol.  7, 1896,  p.  220,  pi.  28,  flp.  3,  4, 10, 11. 

s  Idem.,  vol.  3, 1800,  p.  28. 
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Japanese  Upper  Jurassic  or  Neocomian  species  originally  described 
by  Geyler  as  Thyrsopteris  dongata  and  founded  upon  sterile  pinnules. 
The  d^covery  of  fertile  pinnules  by  Yokoyama  led  to  the  erection  of 
the  present  genus  which  is  very  close  to  the  modem  genus  Onychium 
Kaulfuss,  which  is  made  a  subgenus  of  Oryptogramme  R.  Brown  by 
Diels  in  Engler  and  PrantPs  Naturlichen  Pflanzenfamilien  (1899), 
although  there  seems  to  be  but  slight  warrant  for  DieFs  treatment. 

Seward  in  working  over  the  abundant  Wealden  material  in  the 
British  Museum  found  that  the  widespread  species  which  usually 
went  by  the  name  of  SpTienopteris  TnanUUi  Brongniart  was  congeneric 
with  Yokoyama's  species  mentioned  above,  and  he  therefore  rede- 
scribed  Brongniart's  species  as  Onychiopsis  marUeUi,  redefining  the 
genus  in  the  following  terms:* 

Frond  tripinnate,  main  rachis  slender,  may  be  winged,  pinnae  alternate,  approxi- 
mate, lanceolate.  Pinnules  narrow,  lanceolate,  acute,  alternate,  the  larger  ones 
serrate,  and  gradually  passing  into  pinnules  with  narrow  ultimate  segments.  Fertile 
pinnae  with  alternate  elliptical  pinnules  which  diSer  in  shape  from  the  sterile  pinnules 
and  have  the  sporangia  on  the  lower  surface,  giving  them  the  appearance  of  raised 
eUiptical  bodies. 

The  most  abundant  and  characteristic  ferns  of  the  Potomac  group 
were  referred  by  Professor  Fontaine  to  Thyrsopteris  Kuntze,  an 
existing  monotypic  genus  of  the  family  Cyatheaceae  inhabiting  the 
island  of  Juan  Fernandez.  Of  these  some  40  species,  so  called,  were 
described.  They  were  all  based  on  sterile  fronds  or  parts  of  fronds, 
often  extremely  small  and  inadequate  fragments.  Professor  Fontaine, 
after  quoting  Beer's  diagnosis  of  Thyrsopteris  ^  writes: 

This  description,  given  by  Heer  for  the  genus  Thyrsopteris,  so  far  as  the  portion 
pertaining  to  the  sterile  frond  is  concerned,  agrees  well  with  a  large  number  of  species 
in  the  Potomac  flora.  These  I  place  provisionally  in  the  genus  ThyrsopterU,  on 
account  of  the  great  resemblance  that  the  shape  of  the  pinnules,  the  lobing,  and  the 
nervation  show  to  the  sterile  forms  of  various  species  determined  to  be  Tkyrsopteria 
by  their  fructification.  As,  however,  no  fructification  is  found  in  the  Potomac  species, 
the  placing  of  these  plants  in  the  genus  must  be  regarded  as  provisional.  It  is  quite 
possible  that  some  of  them  belong  to  Aspxdium  and  Ditksonia. 

It  should  be  noted  that  a  niunber  of  the  species  of  Thyrsopteris  described  in  the 
following  pages  show  a  good  many  features  similar  to  those  of  Sphenopteris  mantelli,  as 
described  by  Schenk  and  Heer  (p.  120). 

Professor  Fontaine  does  identify  Sphenopteris  mavteUi  from  one 
locality  in  the  Potomac  belt,  that  at  Federal  Hill,  Baltimore,  and  in 
discussing  its  bearing  upon  the  age  of  the  deposits  he  says: 

Now  in  the  Potomac  flora  not  only  is  S.  mantelli  present  in  beds  which  show  plants 
of  the  most  recent  facies  existing  in  the  formation,  but  there  is  a  very  important  group 
of  ferns  which,  although  placed  in  the  genus  Thyrsopteris,  have  nearly  the  nervation 
and  foliage  typified  in  S,  mantelli.  The  great  development  in  the  Potomac  of  ferns 
of  the  general  type  of  S.  mantelli  gives  strong  evidence  of  Wealden  or  somewhat  later 
age.    A  somewhat  later  age  than  Wealden  is  indicated,  perhaps,  as  most  of  the  species 

1  Flora  f039.  Aict.,  vol.  4,  pt.  2, 1877,  p.  28.  >  Seward,  Wealden  Flora,  pt.  1, 1894,  p.  40. 
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are  somewhat  modified,  so  aa  to  depart  more  or  lees  from  the  typical  S.  mantdliy  and 
to  assume  the  facies  of  Thynopteria,  The  other  species  of  Sphenopteris  give  little  help 
in  fixing  the  age  of  the  Potomac  strata  (p.  338). 

Thus  while  the  most  prominent  fern  element  m  the  Potomac  group 
belongs  to  a  different  genus  and  different  family,  its  resemblance  to 
the  Sphenopteris  manteUi  type  is  so  pronounced  that  it  furnishes  an 
argument  for  the  nearly  homotaxial  age  of  the  containing  deposits, 
surely  a  curious  logic.  In  his  latest  work  this  author  identifies  a 
species  of  Onychiopsis  from  three  localities  in  Virginia  and  Maryland 
(Hell  Hole,  New  Reservoir,  and  Fort  Foote). 

Again  in  discussing  Thyrsopteris  at  the  end  of  his  Potomac  flora 
(1890)  he  writes: 

It  is  true  that,  ais  no  fructification  has  heen  found  on  these  ferns,  they  may  be  incor- 
rectly placed  in  the  genus  Tkifrsopteris.  Still,  the  very  great  development  in  the 
Potomac  flora  of  ferns  with  a  foliage  and  nervation  so  characteristic  of  the  later  Jurassic 
and  Lower  Cretaceous  can  not  be  without  significance. 

A  number  of  these  Thyrsopterids  have  the  same  type  of  foliage  as  the  Wealden  ferns, 
Sphenopteris  mantelli  Brongn.;  S.  goeppertx  Dunker;  S.  corded  Schenk;  S,  plurinervia 
Heer;  and  S.  goTnesiana  Heer,  as  well  as  the  Urgonian  plants  Asplemum  didcsonianum 
Hcer;  A.  nauck  hoffianum  Heer,  and  various  DicksoniaSf  such  as  D.  johnstrupi  Heer. 
It  is  a  significant  fact  that  this  type  of  foliage,  so  common  toward  the  close  of  the 
Jurassic  and  in  the  oldest  Cretaceous,  is  the  most  abundant  single  type  in  the  Potomac 
strata  also.  Such  a  general  prevalence  of  a  type  is  more  significant  of  geological  rela- 
tionship than  the  identification  of  a  few  species  common  to  two  formations.  It  is 
not  worth  while  to  examine  in  detail  the  afiinities  of  the  different  species.  Most  of 
them  are  new  and  imique.  One  or  two  have  some  resemblance  to  Oolitic  species, 
while  a  greater  niunber  may  be  grouped  as  belonging  to  the  two  Wealden  types  S, 
mantelli  and  S.  goepperti. 

It  will  be  seen  from  these  lengthy  quotations  how  uncertain  the 
author  of  these  40  species  of  Thyrsopteris  was  as  to  their  real  botanical 
aflSnity,  and  when  the  student  turns  from  the  text  and  figures  to  the 
actual  specimens, the  strictures  of  Professor  Seward^  are  foimd  to  be 
abundantly  justified.  There  are  26  species  described  from  a  single 
clay  lens  at  Fredericksburg,  Virginia.  If  the  reader  will  pause  to  ask 
himself  where  in  the  history  of  the  earth  or  in  the  Uving  flora  26  species 
of  a  single  genus  of  ferns  can  be  found  in  a  single  circumscribed  clay 
lens,  or  growing  in  a  single  circumscribed  area,  grave  doubt  as  to  their 
validity  at  once  arises;  and  even  if  we  predicate  their  having  been 
gathered  together  by  a  river  system  it  must  needs  have  been  a  re- 
markable river  system  to  have  gathered  all  of  these  ferns  with  over 
50  other  species  of  ferns  and  50  species  of  gynmosperms,  in  all  160 
different  species,  and  to  have  deposited  them  in  one  quiet  pool  where 
day  was  forming,  a  pool  not  over  15  feet  in  diameter  as  preserved  and 
only  4  feet  thick,  the  recognizable  remains  practically  all  coming  from 
the  basal  3  to  5  inches. 


1  Wealden  Flora,  pt.  2, 1894,  p.  66. 
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With  the  large  amount  of  material  at  his  disposal  the  writer  finds  it 
altogether  impossible  to  differentiate  the  40  species  described  by- 
Professor  Fontaine  from  the  Potomac  group.  There  are  two  main 
types,  the  narrow  pinnule  type,  that  identified  in  some  of  th^  Balti- 
more specimens  as  Sphenopteris  manteUi  by  Fontaine  and  including 
some  of  the  forms  described  as  new  species  of  Thyrsopteris,  and  the 
broader  type  exemplified  by  the  foreign  Sphenopteris  goepperti.  It  is 
to  the  latter  that  a  large  number  of  the  Potomac  forms  belong.  Three 
additional  species  which  include  the  balance  of  the  Thyrsopteris  forms 
are  characterized.  In  perusing  the  synonym  of  the  species  which 
follow,  the  question  is  likely  to  arise  in  the  mind  of  the  reader  whether 
or  not  the  process  of  ignoring  minor  differences  has  not  been  carried 
too  far,  so  that  it  is  needful  to  point  out  the  reasons  which  have  led 
to  the  present  treatment.  The  main  reason  is,  of  course,  that  it  was 
found  impossible  to  fix  upon  any  characters  of  specific  value  that 
would  hold  good  for  material  other  than  the  individual  specimen  upon 
which  they  were  based.  That  the  author  of  these  species  could  not 
tell  them  one  from  the  other  is  quite  obvious  in  looking  over  the 
material  which  passed  through  his  hands,  specimens  identical  in  all 
particulars  at  one  time  receiving  one  name  and  on  a  subsequent  occa- 
sion another,  even  counterparts  of  the  same  specimen  being,  in  at  least 
one  instance,  identified  as  distinct  species. 

These  ferns  were  of  large  size  with  tripinnate  fronds,  so  that  it  is 
easy  to  see  how  one  or  two  species  with  slight  individual  variations  in 
form  could,  when  broken  up  into  fragments  and  fossilized  in  a  matrix 
for  the  most  part  of  very  arenaceous  clay,  form  the  basis  for  numerous 
species.  The  pinnse  from  the  base  of  the  frond  will  differ  more  or  less 
from  those  higher  up  and  the  basal  pinnules  of  the  individual  pinnse 
will  differ  decidedly  from  the  distal  ones.  It  is  possible  in  the  more 
complete  Potomac  specimens  to  trace  these  variations  and  so  get  a 
number  of  Fontaine's  types  on  a  single  specimen  so  that  it  seems  wiser 
to  consider  the  bulk  of  the  forms  as  exemplifying  slight  variations, 
due  largely  to  position,  rather  than  to  allow  them  specific  or  even 
varietal  rank.  The  published  drawings  of  these  forms,  especially  the 
enlarged  pinnules  showing  detail,  are  for  the  most  part  inaccurate  and 
idealized  to  such  an  extent  that  even  the  experts  in  the  National 
Museum  often  find  it  impossible  to  decide  which  specimens  represent 
Professor  Fontaine's  drawings. 

With  regard  to  our  taking  up  the  genus  Onychiopsis  of  the  Polypo- 
diacesB  rather  than  Thyrsopteris  of  the  Cyatheaceae  it  may  be  said  that 
while  Thyrsopteris  as  a  form-genus  may  not  be  open  to  any  great 
degree  to  criticism,  it  impUes  a  relationship  with  the  existing  species 
which  the  evidence  does  not  substantiate  so  that  the  best  modem 
usage  refers  the  older  type  of  this  sort  to  the  genus  Coniopteris  Brong- 
niart  and  the  later  ones  to  this  genus  Onychiopsis.    It  is  quite  possible 
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that  the  modem  genus  Thyrsopteris  was  a  prominent  Jurassic  and 
older  Cretaceous  type,  there  being  many  parallel  cases,  as,  for  example, 
that  of  the  gymnospermous  genus  Ginkgo.  Some  of  the  evidence  is 
at  least  sufficient  to  prove  that  forms  so  named  are  referable  to  the 
family  CyatheacesB,  so  that  in  considering  the  Potomac  forms  we 
have  to  decide  whether  the  fact  that  the  Jurassic  forms  like  Thyr- 
sopteris maaJciana  and  Thyrsopteris  murrayana  of  Heer  are  members 
of  the  Cyatheacese,  shall  be  given  greater  or  less  weight  than  the  fact 
that  the  same  type  of  sterile  frond  very  abundant  in  the  Lower  Cre- 
taceous, from  England  to  Japan,  should  have  fertile  pinnules  like  those 
of  the  genus  Onychium  of  the  Polypodiacese.  It  is  true  that  only 
sterile  pinnules  are  known  from  the  Potomac  deposits,  but  the  fertile 
parts  have  been  found  associated  and  in  organic  connection  with 
these  identical  sterile  pinnules  in  nearly  homotaxial  beds  in  California, 
Japan,  England,  Belgium  (?),  Bohemia,  and  Portugal.  The  writer 
prefers  to  believe  that  the  latter  evidence  is  entitled  to  the  greater 
weight.  The  modem  genus  Onychium  has  several  widely  distributed, 
chiefly  tropical,  species  of  Japan,  China,  India,  Persia,  Abyssinia,  and 
the  East  and  West  Indies.  In  this  connection  attention  should  be 
called  to  the  fertile  specimens  described  by  Professor  Fontaine,  from 
Fredericksburg,  as  Aspleniopteris,  since  the  latter,  which  is  referred 
to  the  Aspleniese,  is  very  similar  to  the  fertile  pinnaB  of  a  specimen  of 
Onychiopsis  goepperii  from  Japan,  kindly  communicated  by  Professor 
Yokoyama. 

OHTCmOPSIS  OOEPPERTI  (Schenk)  Berry. 

Sphenopteris  goepperti  Schenk  (part),  Palaeont.,  vol.  19,  1871,  p.  209  (7),  pi.  30 

(4)  figs.  2,  2a  (not  figs.  3-5  or  pi.  35  (9)  fig.  2).— Sapobta,  Flora  Foas.  Portugal, 

1894,  pp.  71,  123, 159,  pi.  18,  fig.  6;  pi.  33,  fig.  8;  pi.  29,  fig.  6. 
Tkynoptem  elongata   Getleb,  Palaeont.,  vol.  24,   1877,  p.  221. — Schenk  in 

Richthofen's  China,  vol.  4, 1883,  p.  263,  pi.  54,  fig.  1. 
Dicksonia  elongata  Yokoyama,  Bull.  Geol.  Soc.  Japan,  vol.  1,  No.  1, 1886,  p.  5. 
Onychiosia  elongata  Yokoyama,  Joum.  Coll.  Sci.  Japan,  vol.  3,  1890,  p.  27,  pi.  2, 

figs.  1-3;  pi.  3,  fig.  6rf;  pi.  12,  figs.  9, 10.— (?)  Seward,  Wealden  Flora,  pt.  1, 

1894,  p.  55,  pi.  2,  fig.  2. 
Tkynopteris  rarin^ervis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  123, 

pi.  26,  figs.  6,  7;  pi.  43,  figs.  4-6;  pi.  44,  figs.  1,  2,  5;  pi.  49,  fig.  2;  pi.  169, 

figs.  6,  7.— Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp. 

225,  484,  491,  514,  517,  518,  521,  528,  548,  pi.  65,  figs.  2-4;  pi.  113,  figs.  2,  3. 
Thyrsopteris  alata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  124, 

pi.  36,  fig.  3. 
Thyrsopteris  Tneehiana  angustiloha  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 

1890,  p.  126,  pi.  38,  figs.  5-7,  9;  pi.  43,  fig.  8;  pi.  44,  fig.  3;  pi.  47,  fig.  4;  pi.  48, 

fig.  1;  pi.  54,  figs.  2,  11;  pi.  55,  fig.  1;  pi.  56,  figs.  1-3.— Fontaine,  in  Ward, 

Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 1906,  p.  557. 
Thyrsopteris  angustiloha  Fontaine,  Monogr.  U.  S.  Geol.  Smrv.,  vol.  15, 1890,  p.  134, 

pi.  48,  figs.  3-6;  pi.  55,  fig.  3. 
Thyrsopteris  densifolia  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  129, 

pi.  39,  fig.  3;  pi.  40,  figs.  2-5;  pi.  51,  fig.  5.— Fontaine,  in  Ward,  Monogr. 

U.  S.  Geol.  Surv.,  vol.  48, 1906,  pp.  484, 511, 517. 
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Tkyrsopteris  decurrens  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  130, 
pL  43,  fig.  7;  pi.  46,  figs.  2,  4;  pi.  49,  figs.  5-7.— Fontaine,  in  Ward,  Monogr. 
U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  484,  491,  511,  525,  pi.  Ill,  fig.  11. 

Thyrsopteris  virginica  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  120, 
pi.  24,  fig.  1. 

Tkynopteris  pachyrachis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p. 
132,  pi.  46,  figs.  3,  5;  pi.  47,  figs.  1,  2;  pi.  49,  fig.  1.— Fontaine,  in  Ward, 
Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  487,  538,  557. 

Thyraopteris  elliptica  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.l33) 
pi.  24,  fig.  3;  pi.  46,  fig.  1;  pi.  50,  figs.  6,  9;  pi.  51,  figs.  4,  6,  7;  pi.  54,  fig.  6; 
pi.  55,  fig.  4;  pi.  56,  figs.  6,  7;  pi.  57,  fig.  6;  pi.  58,  fig.  2.— Fontaine,  in  Ward, 
19th  Ann.  Rept.  U.  S.  Geol.  Sunr.,  pt.  3,  1898,  p.  482;  pt.  2,  1898,  p.  482.— 
Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  290,  484, 
514,517,  528,  557,  pi.  71,  figs.  12,  13.— Knowlton,  Smiths.  Misc.  Coll.,  vol.  4, 
pt.  1,  1907,  p.  110. 

Thyrsopteris  distans  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  134, 
pi.  47,  fig.  3;  pi.  54,  fig.  8. 

Thfrsopteris  pinnalifida  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  136, 
pi.  51,  fig.  2;  pi.  54,  figs.  4,  5,  7;  pi.  57,  fig.  7.— Fontaine,  in  Ward,  19th 
Ann.  Rept.  U.  S.  Geol.  Surv.,  pt.  2, 1890,  p.  658,  pi.  161,  figs.  1,  2.— Fontaine, 
in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 1906,  p.  511. 

ThynopterU  varians  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  137, 
pi.  52,  figs.  2-4;  pi.  53,  figs.  1-3;  pi.  54,  fig.  10;  pi.  57,  fig.  2. 

Thyrsopteria  rhomhifolia  Fontaine,  Monogr.  U.S.  Geol.  Surv.,  vol.  15, 1890,  p.  138, 
pi.  52,  fig.  5;  pi.  54,  fig.  1. 

Thyrsopiem  Bella  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  139,  pi.  53, 
fig.  5;  pi.  55,  figs.  6,  7;  pi.  56,  figs.  2,  5;  pi.  57,  figs.  1,  5;  pi.  58,  6g,  4.— Fon- 
TAiNE,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  491,  511. 

Thyrsopteris  microloba  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  140, 
pi.  57,  fig.  4. 

Thyrsopteria  microloba  alata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 
p.  140,  pi.  55,  fig.  5;  pi.  58,  fig.  1.— Fontaine,  in  Ward,  Monogr.  U.  S.  Geol. 
Surv.,  vol.  48,  1906,  p.  281. 

Thyrsopteris  inxquipinnata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 
p.  142,  pi.  57,  figs.  3,  8. 

Thyrsopteria  rhombiloha  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  144, 
pi.  89,  fig.  7;  pi.  60,  fig.  8. 

Description. — Yokoyama,  in  1890,  described  this  species  as  follows: 

Frond  slender,  bi-tripinnated;  sterile  pinnae  alternate  or  rarely  opposite,  elongated, 
their  length  rapidly  increasing  toward  the  lower  part  of  the  frond;  pinnules  alternate, 
acutely  directed  forward,  lanceolate  or  linearly  lanceolate,  entire  or  lobed,  or  even 
pinnately  parted;  lobes  or  partitions  acute  at  apex  and  acutely  directed  forward 
just  like  the  pinnules  themselves.  Venation  obsolete,  secondary  veins  simple,  each 
going  into  a  lobe.  Fertile  pinnules  elongated,  with  a  linear  terminal  sorus  on  both 
sides  of  the  midrib. 

A  very  large  number  of  Fontaine's  species  of  Thyrsopteris  fall  within 
the  Umits  of  this  species.  There  is,  to  be  sure,  some  variation  in  the 
relative  length  and  breadth  of  the  pinnules,  but  the  material  shows 
every  gradation  of  form,  it  being  possible  to  select  individual  pinnules 
from  a  single  frond  fragment  which  exemplify  several  of  the  sup- 
posed types.     On  the  whole  the  pinnules  are  somewhat  more  robust 
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than  in  the  foreign  material,  and  the  rachis  is  inclined  to  be  stouter  and 
may  or  may  not  be  winged. 

This  is  an  exceedingly  common  form  in  the  Potomac  from  the  oldest 
to  the  youngest  stratum  and  it  has  also  been  recorded  from  the 
Kootenai  of  Montana  at  Great  Falls,  Geyser,  etc.,  and  possibly  some 
of  Dawson's  identifications  of  Asplenium  dicksonianum  Heer  from  the 
Canadian  Kootenai  should  also  be  referred  to  this  species.  It  also 
occurs  in  the  Lakota  formation  of  the  Black  Hills.  Abroad  it  is  rather 
rare  in  the  English  and  German  Wealden,  but  its  geological  distribu- 
tion in  the  Lower  Cretaceous  of  Portugal  rivals  that  of  eastern  Amer- 
ica since  it  comprises  considerable  material  from  the  Valanginian, 
Urgonian,  and  Albian  terranes.  With  regard  to  its  occurrence  in  the 
Mesozoic  of  eastern  Asia,  Yokoyama  writes*  that  it  is  the  *^ chief 
and  characteristic  fossil  of  the  Japanese  flora,  being  found  in  all  of 
the  fossil  localities." 

That  this  or  Onychiopsis  psUotoides,  or  both,  occur  in  the  Kome  beds 
of  western  Greenland  seems  probable,  and  several  of  Heer's  species  of 
Asplenium,  notably  Asplenium  dicksonianum  Heer,*  suggest  them- 
selves for  comparison.  While  the  writer  has  not  ventured  to  include 
any  of  them  in  the  synonymy  of  this  species,  they  certainly  are  very 
close  to  this  type  in  appearance.  The  English  occurrence  of  this 
species  is  questioned  in  the  foregoing  synonymy  since  Professor 
Seward '  considers  the  Wealden  material  as  identical  with  that  of 
Onychiopsis  psilotoides.  This  may  be  true  of  the  Wealden  material 
referred  to,  but  it  can  hardly  apply  to  that  from  America  and  Asia,  as 
the  writer  will  show  under  the  discussion  of  Onychiopsis  psilotoides. 

Occurrence, — Patuxent formation:  Fredericksburg,  Trents Reach, 
Cockpit  Point,  Dutch  Gap,  near  Potomac  Run,  Colchester  Road 
(Pohick  Creek?),  Vii^inia;  New  Reservoir,  Ivy  City,  District  of 
Columbia.  Arundel  formation:  Langdon,  District  of  Columbia, 
Arlington(?),  Maryland.  Patapsco  formation:  Federal  Hill  (Balti- 
more), Fort  Foote,  Vinegar  Hill,  Maryland;  near  Brooke,  White 
House  Bluff,  Mount  Vernon,  Chinkapin  Hollow,  Virginia. 

Collections, — United  States  National  Museum,  Goucher  College. 

ONTCmOPSIS  nervosa  (Pontaloe). 

Thyrsopteris  nervosa  Fontaine,  Monogr.  U.  S.  Geol.  ^urv.,  vol.  15,  1890,  p.  122, 
pi.  25,  figs.  4,  5,  16;  pi.  37,  figs.  2,  4;  pi.  39,  fig.  5;  pi.  40,  fig.  6.— Fontaine, 
in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 1906,  pp.  511,  517,  519,  521,  528, 
548,  571. 

Thyrsopteris  meekiana  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  125, 
pi.  38,  figs.  2-4, 8;  pi.  50,  figs.  7, 8;  pi.  51,  fig.  3.— Fontaine,  in  Ward,  Monogr. 
U.  S.  Geol.  Surv.,  vol.  48,  1906,  pp.  519,565;  pi.  119,  Gg.  1. 

1  Yokoyama,  Joum.  Coll.  Sd.  Japan,  vol.  3, 1890,  p.  27. 

>  Flora  foBS.  Arct.,  vol.  3,  Abth.  2,  1874,  p.  31,  pi.  1,  figs.  1-^;  idem,  vol.  0.  Abth.  2, 18%,  pp.  3,  33,  pi.  2, 
fig.  2;  pi.  82,  figs.  1-8. 
s  Seward,  Ann.  S.  Afr.  Mus.,  vol.  4, 1903,  p.  7. 
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Tkynopteris  crassinervis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  130, 

pi.  41,  jfigs.  1-3.— Fontaine,  in  Ward,  19th  Ann.  Kept.  U.  S.  Geol.  Surv., 

pt.  2,  1899,  p.  658,  pi.  161,  figs.  3,  4.— Fontaine,  in  Ward,  Monogr.  U.  S. 

Geol.  Surv.,  vol.  48,  1906,  pp.  513,  528,  pi.  112,  figs.  5,  6. 
Thynopteris  pecopteraides  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 

p.  135,  pi.  51,  fig.  1.— Fontaine,  19th  Ann.  Rept.  U.  S.  Geol.  Surv.,  pt.  2, 

1899,  p.  661,  pi.  161,. figs.  16-19. 
AdiarUites  parvifolvus  Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48, 

1906,  p.  558,  pi.  117,  fig.  1. 
Thyrsopieris  heteroloba  Fontaine,  Monogr.  U.  S.  Geol.  Sxurv.,  vol.  15, 1890,  p.  139, 

pi.  53,  fig.  4. 
Thyrsopteris  ohtusiloba  Fontaine,  Monogr.  XT.  S.  Geol.  Surv.,  vol.  15, 1890,  p. 

143,  pi.  58,  figs.  7,  10. 

Description. — ^Frond  bipinnate  or  tripinnate.  Principal  racliis 
mediumly  stout,  somewhat  flexuous,  sometimes  winged  in  the  upper 
part.  RnnsB  alternate  or  subopposite,  ovate  to  ovate-lanceolate 
in  outline,  becoming  entire  apically,  the  pinnules  passing  into  dentate 
teeth  while  the  ultimate  pinnae  become  dentate  pinnules.  This  char- 
acter renders  distal  fragments  quite  different  in  appearance  from  the 
normal  form  of  this  species  and  quite  like  CladopTdehis,  In  some 
individuals  the  pinnae  lower  down  on  the  frond  assume  this  form,  con- 
stituting the  supposed  species  Thyrsopteris  crassinervis  of  Professor 
Fontaine  and  well  shown  in  the  specimens  from  Chinkapin  Hol- 
low and  from  near  Glymont.  Every  gradation  is  shown,  however, 
between  this  type  and  the  usual  type  of  pinnae  made  up  of  alter- 
nate, very  oblique,  decurrent  pinnules,  usually  rather  deeply  cut  into 
subrhombic  basal  lobes,  which  become  ovate  or  elliptical  lobes  and 
finally  teeth  in  passing  distad.  Base  contracted,  subpetiolate.  Veins 
numerous  and  slender  but  very  distinct,  branching  obliquely,  flabellate, 
repeatedly  forked,  subparallel.     Texture  coriaceous. 

While  the  fragments  of  the  fronds  of  this  species  are  all  small,  the 
plant  which  bore  them  must  have  been  of  considerable  dimensions. 
Representative  material  is  readily  distinguished  from  the  other 
species  of  Onychiopsis  recognized,  but  small  fragments  are  liable  to 
confusion  with  Onychiopsis  hrevifolia;  in  fact.  Professor  Fontaine 
founded  no  less  than  six  nominal  species  upon  such  fragments,  all  of 
which  are  believed  by  the  writer  to  represent  slight  variations  of  a 
single  species. 

It  is  widely  distributed  throughout  the  Potomac  group,  but  n6t 
common  at  any  outcrop.  Outside  this  area  it  has  been  reported  from 
the  Lakota  formation  of  the  Black  Hills.  Practically  identical  re- 
mains from  the  Lower  Cretaceous  of  Portugal  are  described  by  Saporta 
as  various  species  of  Sphenopteris. 

Occurrence. — ^Patuxent  formation:  Fredericksburg,  Dutch  Gap, 
Potomac  Run,  Virginia;  New  Reservoir,  Ivy  City,  District  of  Colum- 
bia; Springfield,  Maryland.  Arundel  formation:  Langdon  (fre- 
quent). District  of  Columbia.     Patapsco  formation  :  Chinkapin  Hol- 
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low,  Virginia;  Fort  Foote,  near  Glymont,  Vinegar  Hill  (?),  Federal 
Hill  (Baltimore)  y  Maryland. 

OoUection. — ^United  States  National  Museum,  Maryland  Academy 
of  Science,  Goucher  College. 

ONTCmOPSIS  BREVIFOLIA  (Fontaine). 

Thrysoptms  hrevifolia  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  121, 

pi.  24,  figs.  5, 10.— Fontaine,  in  Ward,  19th  Ann.  Rept.  U.  S.  Geol.  Surv.,  pt. 

2,  1899,  p.  660,  pi.  161,  figs.  10-15. 
Thrysopteris  derUata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  121, 

pi.  24,  figs.  4,  6,  7,  9;  pi.  25,  figs.  1,  2. 
Thrysopteris  pachyphyUa  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 

p.  135,  pi.  50,  ^,  3. 
Thrysopteris  nana  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  189(>,  p.  141, 

pi.  56,  figs.  4,  8. 
Thrysopteris  heterophylla  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  142, 

pi.  58,  fig.  3. 
Thrysopteris  sphenopteroides  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890, 

p.  143,  pi.  58,  fig.  6. 
Thrysopteris  sqtuxrrosa  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  143, 

pi.  59,  fig.  3. 
Thrysopteris  retusa  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  144, 

pi.  59,  fig.  10. 

Description. — ^Frond  small,  bipinnate  or  tripinnate.  Rachises 
rather  slender,  often  winged.  Pinnae  alternate  to  subopposite,  rela- 
tively long  and  narrow,  divided  below,  pinnatifid  distad.  Pinnules 
much  narrowed  at  the  base,  decurrent,  obliquely  toothed  or  divided, 
the  extent  depending  upon  their  position  on  the  frond,  triangular 
ovate  to  lanceolate  in  outline.  Veins  somewhat  flabellate,  once  or 
twice  forked  or  simple.     Texture  coriaceous. 

This  species  is  not  common  in  the  Potomac  and  is  confined  to  the 
basal  beds  in  the  Virginia  area,  although  it  has  also  been  reported 
from  the  Lakota  formation  in  the  Black  Hills  region  and  from  the 
Kootenai  formation  of  Montana.  It  is  represented  in  the  Virginia 
areja  by  quite  a  large  number  of  mostly  fragmentary  specimens  show- 
ing slight  variations  in  the  character  of  the  pinnule  lobes  or  teeth 
which  were  made  the  basis  for  distinguishing  eight  species  by  Prof. 
Fontaine.  It  is  possible  that  more  than  one  type  is  included  in  the 
species  as  defined  by  the  writer,  the  nature  of  tie  material  rendering 
certainty  out  of  the  question;  but  if  the  test  of  the  vaUdity  of  a 
species  be  the  possibility  of  its  being  recognized  a  second  time  by 
either  the  original  author  or  other  students  it  must  be  admitted  that 
these  eight  so-caUed  species  are  not  good  species. 

ChicMopsis  hrevifolia  differs  from  Onychiopsis  goepperti  and  psilo- 
toides  principally  in  the  smaller  fronds,  less  robust  pinnules,  which 
are  also  less  ascending,  and  in  the  much  less  elongate  character  of  the 
pinnse  and  especially  the  pinnules.  It  is  a  much  smaller  and  less 
robust  form  than  Onychiopsis  latHoba,  from  which  it  is  readily  dis- 
tinguished, but  approaches  somewhat  close  to  Onychiopsis  nervosa. 
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The  latter  species  is  on  the  whole  a  larger  form  with  less  elongate 
and  more  triangular  pinnae,  and  the  pinnules  have  more  entire  mar- 
gins, the  lobes  or  teeth  being  rounded  and  not  angular.  The  veins 
are  also  more  numerous. 

Occurrence. — Patuxent  formation:  Fredericksburg,  Dutch  Gap, 
Potomac  Run,  Telegraph  Station  (Lorton),  Virginia. 

Collections. — ^United  States  National  Museum. 

ONTCmOPSIS  PSILOTOmBS  (Stokes  and  Webb)  Waid. 

Hymenopteris  psiloUndes  Stokes  and  Webb,  Trana.  Geol.  Soc.  London,  ser.  2,  vol.  1, 
1824,  p.  424,  pi.  46,  fig.  7;  pi.  47,  fig.  2. 

Sphenopteris  mantelli  Bbononiart,  in  Mantell,  lUns.  of  the  Geol.  of  Sussex  (rev.  ed.), 
1827,  p.  55,  pi.  1,  figs.  3a,  b;  pi.  3,  figs.  6,  7;  pi.  3^,  fig.  2.— Schbnk,  Palaeont., 
vol.  19,  1871,  p.  208,  pi.  23,  fig.  1-8;  pi.  4,  fig.  6  (?);  vol.  23,  1876,  p.  158, 
pi.  28,  fig.  12.— Hber,  Contr.  Flora  Fobs.  Portugal,  1881,  p.  12,  pi.  11,  figs. 
1-5;  pi.  12,  figs.  26,  266.— Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 
1890,  p.  91,  pi.  1,  figs.  1,  2.— Saporta,  Flora  foes.  Portugal,  1894,  pp.  72, 
124,  157,  pi.  15,  figs.  8-12;  pi.  18,  fig.  5;  pi.  23,  figs.  1,  2,  8;  pi.  28,  fig.  2; 
pi.  29,  fig.  1;  pi.  30,.figs.  9, 10;  pi.  31,  figs.  1,  2. 

Onychiopsis  mantelli  Seward,  Wealden  Flora,  pt.  1,  1894,  p.  41,  figs.  4,  5  on  p.  50; 
fig.  6  on  p.  52,  pi.  2,  fig.  1;  pi.  13,  figs.  1-4;  Flora  Weald,  de  Bemiasart, 
1900,  p.  15,  pi.  1,  figs.  17-19;  pi.  2,  figs.  20,  21;  Ann.  S.  Afr.  Mus.,  vol.  4, 
1903,  p.  5,  pi.  1;  pi.  5,  fig.  1. 

Thyrsopteru  insignis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  127,  pi. 
.39,  fig.  4;  pi.  40,  fig.  1;  pi.  41,  fig.  6;  pi.  43,  figs.  1,  2,  4;  pi.  53,  figs.  1,  3.— 
Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906,  p.  521. 

Thyrsopteris  insignis  angusHpennis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890, 
p.  128,  pi.  43,  fig.  2. 

Thyrsopteris  angusttfolia  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  131, 
pi.  44,  fig.  4;  pi.  45,  fig.  3;  pi.  48,  fig.  2;  pi.  49.  figs.  3,  4;  pi.  55,  fig.  2;  pi.  58, 
fig.  8.— Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Sur.,  vol.  48,  1906,  p.  516. 

Thyrsopteris  microphylla  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  151, 
pi.  45,  figs.  1,  2,  4,  5. 

Thyrsopteris  rarinervis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15,  1890,  p.  123, 
pi.  26,  figs.  6,  7;  pi.  43,  figs.  4-6;  pi.  44,  figs.  1,  2,  5;  pi.  49,  fig.  2;  pi.  169, 
figs.  6,  7.— Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol.  48,  1906, 
pp.  225,  484,  491,  514,  517,  518,  519,  521,  528,  548,  558,  pi.  65,  figs.  2-4;  pi. 
113,  figs.  2,  3. 

Thyrsopteris  dentifolia  Fontaine,  in  Ward,  19tii  Ann.  Rept.  U.  S.  Geol.  Surv.,  pt. 
2,  1899,  p.  660,  pi.  161,  figs.  6-9. 

Onychiopsis  psilotoides  Ward,  in  Fontaine,  in  Ward,  Monogr.  U.  S.  Geol.  Surv.,  vol. 
48,  1906,  p.  155  (name  only). — Fontaine,  in  Ward,  Monogr.,  U.  S.  Geol. 
Surv.,  vol.  48,  1906,  pp.  606,  618,  528,  pi.  Ill,  fig.  4;  pi.  113,  fig.  1.— 
Knowlton,  in  Diller,  Bull.  Geol.  Soc.  Amer.,  vol.  19,  1908,  p.  380. 

Description. — The  following  description  was  given  by  Seward  in 
1894: 

Frond  tripinnate,  ovate  lanceolate,  racbia  winged  and  prominent;  pinnse  lanceolate, 
alternate,  approximate,  given  o£f  from  the  main  rachis  at  an  acute  angle.  Pinnules 
alternate,  narrow,  lanceolate  acuminate,  uninerved,  of  nervation  type  Ooeopterides 
(Luerssen,  in  Rabenhorst's  Krypt.  Fl.,  vol.  3,  p.  11);  the  larger  ones  serrate  and 
gradually  passing  into  piniue  with  narrow  ultimate  segments.  Fructification  in  the 
form  of  sessile  or  shortly  stalked  linear  ovate  segments  with  rugose  surfaces,  and  ter^ 
minating  usually  in  a  very  short  awn-like  apicied  prolongation. 
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This  species  is  not  nearly  so  conunon  in  the  Potomac  as  is  Onychiop- 
sis  g(Bpperti,  although  it  appears  to  have  a  wider  range  and  be  more 
common  abroad.  It  occurs  at  all  horizons  in  the  Potomac,  however, 
a  vertical  range  which  is  paralleled  by  its  range  from  the  Valanginian 
through  the  Urgonian  into  the  Albian  of  Portugal.  Elsewhere  in 
Europe  it  has  been  found  in  the  Wealden  of  England,  Belgium,  and 
Germany,  the  Neocomian  near  Quedlinburg,  Saxony,  and  in  the 
Urgonian  of  Austria.  Forms  which  are  identical,  according  to 
Seward,^  are  found  in  the  Uintenhage  series  of  South  Africa.  In 
this  country  outside  of  the  Potomac  it  is  found  in  the  Kootenai  at 
Great  Falls,  Montana,  in  the  Shasta  beds  of  California,  and  in  the 
Lakota  formation  of  the  Black  Hills. 

The  forms  identified  as  this  species  from  the  supposed  Jurassic 
near  Cape  Lisbume,  Alaska,  have  been  shown  by  Knowlton  to  be 
forms  of  DicJcsonia.  Saporta  in  his  treatment  of  the  Portuguese 
forms  leaves  them  in  the  genus  SpTienopteris  but  thinks  that  they 
are  more  closely  related  to  certain  modem  species  of  DavdUia  than 
to  OnycMum.  His  figures,  however,  do  not  bring  this  out  with  any 
degree  of  certainty.  Professor  Seward,  in  discussing  specimens 
from  South  Africa,^  unites  with  this  species  the  Japanese  Jurassic 
and  Cretaceous  forms  designated  as  Thyrsopteris  dongata  Geyler 
and  OnycMopsis  elongcUa  Yokoyama.  The  reason  for  the  proposed 
change  is  the  discovery  in  the  English  Wealden  of  more  extensive 
material  which  showed  the  psiLotoHes  type  of  pinnule  apically  and 
the  dongata  type  of  pinnule  proximally.  It  is  quite  possible  that 
the  remains  from  the  English  Wealden  are  all  one  species,  but  it 
certainly  does  not  follow  that  the  synonymy  follows  such  a  disposi- 
tion. The  American  remains  identified  with  the  dongata  type  show 
that  the  forms  with  broader  segments  are  not  basal  portions  of 
fronds  with  the  distal  characters  of  psUotoides,  although  there  is  in 
most  ferns  more  or  less  diminution  in  size  upward.  Through  the 
kindness  of  Professor  Yokoyama  the  writer  has  received  specimens 
of  0.  dongata  from  the  Jurassic  of  Kaga,  Japan,  and  these  are  cer- 
tainly specifically  distinct,  especially  in  the  fertile  pinnae,  from  the 
English  forms  of  psUotoides,  They  are,  therefore,  included  in  the 
present  discussion  under  0,  goepperti,  which  is  retained  as  a  distinct 
species. 

Occurrence, — ^Patuxent  formation:  Fredericksburg,  Dutch  Gap, 
Trents  Reach,  near  Potomac  Run,  Virginia;  New  Reservoir,  Six- 
teenth Street,  District  of  Columbia.  Arundel  formation:  Lang- 
don,  District  of  Columbia.  Bay  View,  Maryland.  Patapsco  for- 
mation: Federal  Hill  (Baltimore),  Stump  Neck,  near  Wellhams, 
Maryland:  Near  Brooke,  Hell  Hole,  Virginia. 

Collections, — United  States  National  Museum. 


1  Bcword,  Ann.  S.  Afr.  Mus.,  vol.  4, 1903,  p.  6. 
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ONTCmOPSISLATILOBA  (Fontaine). 

Sphenopteris  latiloha  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  90,  pi. 

35,  figs.  3-6;  pi.  36,  figs.  4-9;  pi.  37,  fig.  1.— Fontaine,  in  Ward,  Monogr.  U.  S. 

Geol.  Surv.,  vol.  48,  1906,  pp.  281,  479,  491,  511,  534,  557. 
Thynopterisbrevipennis  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  124, 

pi.  34,  fig.  3;  pi.  36,  fig.  2;  pi.  37,  figs.  3,  9;  pi.  38,  fig.  1;  pi.  41,  fig.  4.— 

Fontaine,  in  Ward,  19th  Ann.  Kept.  U.  S.  Geol.  Surv.,  pt.  2,  1899,  p.  662, 

pi.  162,  fig.  la. 
Thynopteris  divaricata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  125; 

pi.  37,  figs.  5-8;  pi.  70,  fig.  1.— Fontaine,  in  Ward,  Monogr.  U.  S.  Geol. 

Surv.,  vol.  48,  1906,  pp.  504,  511,  517,  521. 
Tkyrsopteris  crenata  Fontaine,  Monogr.  U.  S.  Geol.  Surv.,  vol.  15, 1890,  p.  127, 

pi.  39,  figs.  1,  2. 

Description, — Frond  large  tripinnate;  principal  rachis  very  stout 
sometimes  winged.  Leaf-substance  thin  but  coriaceous.  Primary 
pinnae  opposite  or  subopposite  with  a  stout,  rigid,  rachis,  which  is 
often  somewhat  flexuous;  ultimate  pinnae  remotely  placed,  very 
short,  decurrent,  passing  toward  the  summit  of  the  principal  pinnse 
or  of  the  frond  through  lobed  pinnules  into  entire  ones.  Pinnules 
somewhat  remotely  placed,  cuneate  at  base,  those  in  the  lower  part 
of  the  frond  cut  more  or  less  deeply  into  oblong  acute  to  obtuse  lobes, 
passing  toward  the  tips  of  the  ultimate  pinnae  into  lobed  pinnules 
like  those  of  the  upper  part  of  the  frond,  and  at  the  tips  into  ovate 
or  oblong  lobes  and  teeth.  In  the  upper  part  of  the  frond  they  are 
elliptical,  three  lobed,  or  entire.  All  the  pinnules  and  segments  are 
broad.  The  ultimate  pinnae  and  the  pinnules  of  the  lower  part  of 
the  frond  usually  terminate  in  three  lobed  segments  or  in  broad 
elliptical  pinnules.  The  veins  are  copiously  branched,  diverging 
flabellately  into  the  lobes  and  teeth,  and  are  very  distinct  and  strong, 
although  not  coarse. 

This  is  a  fine,  large  species,  probably  arborescent,  and  quite  dis- 
tinct from  the  other  species  of  OnycJiiopsis,  It  is  common  through- 
out the  Potomac  but  rather  less  abundant  in  the  Patapsco  forma- 
tion than  in  the  older  beds.  It  has  been  recorded  from  the  Lakota 
formation  in  the  Black  Hills  area  and  from  the  Kootenai  formation 
in  both  Montana  and  British  Columbia.  There  is  some  variation 
exhibited  by  the  various  forms  referred  by  the  -vv-riter  to  this  species, 
and  some  of  the  smaller  ultimate  pinnae  are  readily  confused  with 
other  species  of  Onychiopsis. 

Occurrence, — Patuxent  formation:  Fredericksburg,  Dutch  Gap, 
Telegraph  Station  (Lorton),  Virginia;  New  Reservoir  (?),  District 
of  Columbia.  Arundel  formation:  Langdon  (?),  District  of 
Columbia;  Bewley  estate  (?),  Baj'  View  (common),  Maryland. 
Patapsco  formation:  Deep  Bottom,  Mount  Vernon,  Hell  Hole  (?), 
Chinkapin  Hollow  (?),  Virginia;  Federal  Hill  (Baltimore),  Maryland. 

Collections, — United  States  National  Museum,  Johns  Hopkins 
University,  Goucher  College. 
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THE   RECENT  AND  FOSSIL  MOLLUSKS   OF  THE   GENUS 
ALVANIA  FROM  THE  WEST  COAST  OF  AMERICA. 


By  Paul  Babtsch, 

Assistant  Curator ^  Division  of  MolliLshSf  U.  S.  National  Museum. 


Dr.  P.  P.  Carpenter  was  the  first  to  record  members  of  the  genus 
Alvania  from  the  west  coast  of  America.  In  his  Catalogue  of 
Mazatlan  Shells  *  we  find  f  Alvania  excurvaia,  Alvania  effusa,  and 
Alvania  tumida  described  as  new.  In  the  same  work  occurs  tRissoa 
liraia  Carpenter,  which  is  now  placed  in  the  genus  Alvania. 

In  the  following  year  Doctor  Carpenter's  Report  on  the  Present 
State  of  our  Ejiowledge  with  Regard  to  the  Mollusca  of  the  West 
Coast  of  America  was  published.^  In  this  he  refers  the  species 
described  by  Prof.  C.  B.  Adams  *  as  Cingvla  (?)  inconapicua,  C.  (f) 
tereheUum,  and  C.  (f )  turrita  doubtfully  to  Alvania.  This  decision 
he  changed  in  1863/  when  he  referred  all  three  to  the  PyramidellidaB. 
They  are  all  Odostomias, 

The  next  to  contribute  to  our  knowledge  of  Alvania  was  O.  A.  L. 
Morch,  who  described  Alvania  perlaia  from  the  west  coast  of  Central 
America.' 

This  was  followed  four  years  later  by  Rissoa  now  Alvania  albolirata 
Carpenter  ^  and  Diala  electrina  Carpenter/  which  is  also  an  Alvania. 

In  volume  14  of  the  same  publication,  also  printed  in  1864,  Alvania 
reticuUita  Carpenter  and  Alvania  flosa  Carpenter  will  be  found 
described  on  page  429. 

The  following  year  Weinkauflf  rechristened  Carpenter's  Alvania 
reticuUUa  Alvania  carpenteri,  A.  retuyulata  Carpenter  being  preoccu- 
pied by  Turbo  (==  Alvania)  reticvlatus  Montagu.  The  same  year 
Doctor  Carpenter  published  Rissoa  compada,^  which  is  also  an  Alvania. 

1  Pages  369-360, 1856.  >  Mai.  Bl&tt.,  vol.  7,  I860,  p.  68. 

>  Rep.  Brit.  Ass.  Adv.  Sci.  for  1856,  published  in  1857.  •  Ann.  Mag.  Nat.  HIst.»  ser.  3,  vol.  13, 1864,  p.  477. 

*  Ann.  Lye.  Nat.  nist.  N.  Y.,  vol.  6, 1852,  pp.  40&-406.  '  Idem,  p.  478. 

« Proc.  Zool.  Soc.  London,  1863,  pp.  353-354.  >  Proc.  Acad.  Nat.  Sci.  Phila.,  1865,  p.  62. 

Proceedings  U.  S.  National  Museum,  Vol.  41,  No.  1863. 
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In  1866  Doctor  Carpenter  added  Rissoa  (=^Alvania)  dcutUirata} 
which  has  been  generally  considered  a  synonym  of  Alvania  compada 
Carpenter,  but  is  in  reality  quite  distinct. 

Six  years  later  Doctor  Dall  described  Alvania  purpurea,^  and  in 
1886  hQ  added  the  following  new  forms  from  Alaska:*  Alvania 
castanea  Moller,  var.  alaakana,  Ahxmia  castaneUa,  and  Alvania 
aurivUlii. 

The  following  year  Professor  Keep  gave  a  terse  diagnpsia*  of 
Alvania  aequiscidpta,  which  was  later  redescribed  as  Alvania 
grippiana  Dall. 

For  the  next  21  years  no  additions  were  made.  In  1908  Doctor 
Dall  published  Rissoa  {Alvania)  grippiana,^  and  last  year  the  present 
writer  described  Alvania  hakeri  from  Alaskan  waters.® 

A  careful  examination  of  the  many  bottom  samples  collected  on  the 
west  coast  by  the  United  States  Bureau  of  Fisheries  steamer  Albor 
tross  has  added  a  number  of  new  and  interesting  forms,  some  of 
which  come  from  a  considerable  depth,  while  the  careful  and  pains- 
taking collecting  by  many  private  collectors  has  brought  to  light 
other  new  forms  from  the  littoral  zone,  all  of  which  are  here  described. 

Only  two  species  are  known  as  fossils,  and  as  fossils  only,  from  the 
west  coast  of  California.  These  are  Alvania  pedroana  and  fossUis, 
and  come  from  Sand  Rock  at  San  Pedro,  California. 

KEY  TO  'fRE  GENUS  ALVANIA. 

Spiral  sculpture  much  stronger  than  the  axial. 

Axial  sculpture  reduced  to  incremental  liAes  or  mere  raised 
threads,  which  are  developed  best  between  the  spiral  keels 
or  cords. 
Spiral  sculpture  consisting  of  strohg  keels. 

Spiral  keels  between  the  sutures,  6 castaralla,  p.  336. 

Spiral  keels  between  the  sutures,  3. 

Adult  shell  more  than  4  mm.  long aurivilliiy  p.  336. 

Adult  shell  less  than  2  mm.  long bakeriy  p.  337. 

Spiral  sculpture  consisting  of  well-rounded  cords albolirata,  p.  338. 

Axial  sculpture  consisting  of  broad,  subobsolete  ribs lirata,  p.  338. 

Spiral  sculpture  not  stronger  than  the  axial. 

Junction  of  axial  ribs  and  spiral  cords  not  nodulose. 
Sutures  channeled. 

Shell  large  and  robust;  adult  more  than  2.75  mm. 
long. 

Penultimate  whorl  with  about  22  axial  ribs trachisma^  p.  339. 

Penultimate  whorl  with  about  34  axial  ribs calif omica,  p.  340. 

Shell  small  and  delicate;  adult  less  than  2.25  mm. 
long. 

Whorls  strongly  rounded carpenteri,  p.  341. 

Whorls  almost  flattened pedroana,  p.  341. 

1  Proc.  Gala.  Acad.  Nat.  Scl..  vol.  3, 1866,  p.  217.  *  Keep's  West  Coas(  Shells,  1887,  p.  66. 

«  Amer.  Joum.  Conch.,  vol.  7, 1872,  p.  116.  »  Nautilus,  vol.  21, 1908,  p.  136. 

*  Proc.  U.  8.  Nat.  Mus.,  vol.  9,  pp.  307-308.  •  Idem,  vol.  23, 1910,  p.  137. 
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Sutures  not  channeled. 

Sutiu-ee  strongly  constricted. 

Spiral  cords  between  the  sutures  on  the  penulti- 
mate whorl,  12 filosa,  p.  342. 

Spiral  cords  between  the  sutures  on  the  penulti- 
mate whorl,  5 alaskana,  p.  343. 

Spiral  cords  between  the  sutures  on  the  penulti- 
mate whorl,  4 montereyensis,  p.  343. 

Spiral  cords  between  the  sutures  on  the  penulti- 
mate whorl,  3 excurvata,  p.  344. 

Sutures  not  strongly  constricted. 

Spiral  cords  between  the  sutures  more  than  10 
on  the  last  whorl. 

Shell  ovate profundicola,  p.  345. 

Shell  elongate-conic. hoodemis,  p.  345. 

Spiral  cords  between  the  sutures  less  than  7  on 
the  last  whorl. 

Shell  elongate-conic eUctrirux^  p.  346. 

Shell  ovate. 

Base  with  4  spiral  cords perlataf  p.  347. 

Base  with  more  than  4  spiral  cords. 
Spiral  cords  between  the  sutures,  4. 
Axial  ribs  on  the  last  whorl, 

20..- galapagensis,  p.  347. 

Axial'  ribs  on  the  last  whorl, 

14 Tiemo,  p.  348. 

Spiral  cords  between  the  sutures 
more  than  4. 
Body  whorl  inflated. 

Whorls  strongly  rounded. ro^ana,  p.  349. 
Whorls  almost  flattened,  .fomlis,  p.  349. 
Body  whorl  not  inflated. 

Axial  ribs  on  last  whorl 

about  45 Uiuliukensis,  p.  350. 

Axial  ribs  on  last  whorl 

about  30 compacta,  p.  351. 

Axial  ribs  on  last  whorl 

about  20 acutUirala,  p.  352. 

Junction  of  axial  ribs  and  spiral  cords  nodulose. 
Sutures  channeled. 

Spiral  cords  between  the  sutures,  2. 

Basal  cords,  3 cosmiay  p.  352. 

Basal  cords,  4 pwrpwrea^  p.  353. 

Spiral  cords  between  the  sutures  more  than  2. 
Spiral  cords  between  the  sutures,  3. 

Cord  at  the  siunmit  equal  to  the  other  two  in 

strength halia^  p.  354. 

Cord  at  the  summit  not  equal  to  the  other  two 

in  strength ma,  p.  355. 

Spiral  cords  between  the  sutures  more  than  3. 
Spiral  cords  between  the  sutures,  6,  or  more. 

Spiral  cords  between  the  sutures  equal clarioneiuis^  p.  356 

Spiral  cords  between  the  sutures  unequal. ^ra,  p.  357. 
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Sutures  not  channeled. 
Shell  elongate-conic. 

Spiral  cords  between  the  euturee,  5 ^ff^^tsa,  p.  358. 

Spiral  cords  between  the  sutiu'es,  3 xquigculptay  p.  358. 

Shell  not  elongate-conic. 
Shell  broadly  ovate. 

Basal  cords,  2 almo,  p.  359. 

Basal  cords,  4 oldroydx^  p.  360. 

Shell  subglobose tumida,  p.  361. 

ALVANIA  CASTANELLA  DalL 

Plate  29,  fig.  1. 

Alvania  cast  mella  Dall,  Proc.  IJ.  S.  Nat.  Mus.,  vol.  9,  1886,  p.  307,  pi.  3,  fig.  5. 

Shell  elongate-ovate,  thin,  yello  /isli-white.  Nuclear  whorls  about 
one  and  three-quarters,  well  rounded,  smooth.  Post-nuclear  whorls 
strongly,  slopmgly  shouldered  at  the  summit,  well  rounded,  marked 
between  the  sutures  by  six  spiral  keels,  the  first  of  which  adjoins  the 
strongly  channeled  suture,  while  the  second  marks  the  angle  of  the 
shoulder;  the  remaining  four  growing  gradually  and  successively 
weaker  and  a  little  closer  spaced.  In  addition  to  the  spiral  sculpture, 
the  whorls  are  marked  by  numerous  very  fine,  incremental  lines. 
Suture  quite  strongly  constricted.  Periphery  of  the  last  whorl  well 
rounded.  Base  moderately  long,  well  rounded,  very  narrowly  umbili- 
cated,  marked  by  six  equal  and  equally  spaced,  spiral  keels.  Aper- 
ture semicircular;  posterior  angle  obtuse;  outer  lip  thin,  showing 
the  external  sculpture  within;  inner  lip  thin,  strongly  curved  and 
sHghtly  revolute;  parietal  wall  covered  with  a  moderately  thick 
callus,  which  renders  the  peritreme  complete;  operculum  thin,  homy. 

The  type  (Cat.  No.  213677,  U.S.N.M.)  and  another  specimen  were 
collected  by  Doctor  Dall  at  Atka  Island,  Alaska.  The  type  has  four 
post-nuclear  whorls  and  measures :  Length  2.4  mm.,  diameter  1 .3  mm. 
Cat.  No.  213678,  U.S.N.M.,  contains  9  specimens  taken  from  sponges 
on  the  beach,  at  low  water,  at  Kyska  Harbor,  Aleutian  Islands,  Alaska. 

ALVANIA  AURIVIIXn  DalL 
Plate  29,  fig.  5. 

Alvania  aurivillii  Dall,  Proc.  U.  S.  Nat.  Mus.,  vol.  9,  1886,  p.  308,  pi.  4,  fig.  8. 
Shell  elongate-conic,  thin,  light  yellow.  Nuclear  whorls  one  and 
one-half,  strongly  rounded,  smooth.  Post-nuclear  whorls  rounded, 
shouldered  at  the  summit,  marked  by  two  strong,  spiral  keels,  be- 
tween the  sutures,  on  the  first  two  turns;  the  first  keel  being  on  the 
middle  and  the  second  a  little  posterior  to  the  suture;  the  space  be- 
tween the  summit  and  the  first  keel  slopes  regularly.  Beginning  with 
the  third  whorl  a  third  keel  appears,  and  the  space  between  the 
sutures  is  here  divided  into  four  parts,  of  which  the  one  at  the  summit 
is  a  little  broader  than  the  rest.     On  the  last  turn  the  periph^r^  koel 
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is  completely  shown  in  the  suture,  and  a  slender,  spiral  thread  appears 
immediately  below  the  summit.  The  spaces  between  the  keels  are 
about  four  times  as  wide  as  the  keels.  Suture  quite  strongly  con- 
stricted. Periphery  of  the  last  whorl  marked  by  a  strong,  spiral 
keel  which  is  a  trifle  nearer  to  the  first  keel  posterior  to  it  than  that 
is  to  its  neighbor.  Base  moderately  long,  well  rounded,  narrowly 
umbihcated,  marked  by  three  equal  and  almost  equally  spaced  spiral 
keels.  In  addition  to  the  spiral  sculpture,  the  whorls  are  marked  by 
numerous,  very  slender,  raised,  axial  threads  which  are  best  developed 
in  the  broad  spaces  between  the  spiral  keels.  Aperture  subcircular, 
slightly  expanded  anteriorly;  posterior  angle  obtuse;  outer  lip  thin, 
showing  the  external  sculpture  within;  inner  hp  strongly  curved, 
somewhat  reflected;  parietal  wall  covered  with  a  thick  callus  which 
joins  the  posterior  angle  to  the  columella  and  renders  the  peritreme 
complete;  operculum  thin,  corneous. 

The  type  (Cat.  No.  213680,  U.S.N.M.)  and  four  other  specimens 
were  collected  at  Adakh  Island,  Alaska.  The  type  has  five  post- 
nuclear  whorls  and  measures:  Length  4.2  mm.,  diameter  2  mm. 

Specimens  examined. 


Catalogue  No. 


Locality. 


Number 

of  sped' 

mens. 


161077. 
213681.. 
105372.. 
161100. . 
161092.. 
213683.. 
213682.. 
213680. 


Kyska  Harbor,  Aleutian  Islands,  Alaska 

Pass,  Kyska  Harbor,  Aleutians.  Alaska  (10  fathoms,  rocky  bottom). 

Kyska  Harbor,  Aleutians,  Alaska 

do 

Amchltka  Island,  Aleutians,  Alaska 

Constantlne  Harbor,  Amchltka  Island ,  Aleutians,  Alaska 

Amchltka  Island.  Aleutians,  Alaska  (low  water) 

Adakh  Island,  Alaska  (1-type) 


1 
1 
1 

19 
B 
2 
1 
6 


ALVANIA  BAKERI  BaxtMh. 
Plate  29,  fig.  2. 
Alvania  hdkeri  Babtsch,  Nautilus,  vol.  23,  1910,  No.  11,  p.  137,  pi.  11,  fig.  8. 
Shell  minute,  bluish-white.    Nuclear  whorls  one  and  one-third^ 
forming  a  moderately  elevated  spire.    Upper  half  of  the  well-rounded 
nuclear  whorls  marked  by  about  ten  very  fine,  closely  spaced,  sph^al 
striations;  lower  half  marked  by  numerous,  closely  spaced,  depressed, 
elongate  granules,  each  of  which  has  the  long  axis  decidedly  pro- 
tractively  slanted,  which  lends  to  this  part  of  the  turn  a  finely  blis- 
tered appearance.    Post-nuclear  whorls  a  Httle  more  than  two,  well 
rounded,  separated  by  a  strongly  constricted  suture,  marked  by  three 
strong,  rounded,  spiral  keels,  of  which  the  strongest  is  a  little  anterior 
to  the  posterior  third  between  the  sutures,  while  the  anterior  of  the 
other  two,  which  are  of  equal  strength,  is  at  the  periphery  and  the 
third  halfway  between  them.    In  addition  to  these  keels,  the  whorls 
94428^— Proc.N.M.vol.41— 11 ^22 
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are  marked  by  fine,  incised,  spiral  lines  between  the  keels,  which  are 
best  developed  on  the  well-rounded  shoulder,  between  the  summit  of 
the  whorls  and  the  strong  keel  below  it.  Base  of  the  last  whorl 
slightly  protracted,  well  rounded,  marked  by  two  broad,  depressed, 
spiral  cords,  of  which  the  basal  one,  which  is  a  little  anterior  to  the 
middle,  is  the  broader.  In  addition  to  these  there  are  numerous, 
exceedingly  fine,  spiral  striations.  The  axial  sculpture  of  the  entire 
spire  and  base  consists  of  very  fine,  incremental  lines  only.  Aperture 
very  broadly  ovate,  almost  circular;  peritreme  continuous;  outer  lip 
thick  within,  beveled  at  the  margin  to  form  a  sharp  edge,  which  is 
rendered  slightly  sinuous  by  the  external  spiral  sculpture;  inner  Hp 
strong  and  strongly  curved;  parietal  wall  of  the  aperture  appressed 
to  the  preceding  whorl. 

The  type  (Cat.  208445,  U.S.N.M.)  was  collected  by  Dr.  Fred  Baker 
at  Port  Graham,  Alaska;  it  measures:  Length  1.4  nun.,  diameter 
1.2  mm. 

ALVAITIA  ALBOLIRATA  Caipenter. 
Plate  29,  fig.  6. 
Rissoa  albolirata  Carpenter,  Ann.  Mag.  Nat.  Hist.,  ser.  3,  vol.  13,  1864,  p.  76. 

Shell  elongate-conic,  rather  thick,  yellowish  white.  Nuclear 
whorls  two  and  one-half,  well-rounded,  smooth.  Post-nuclear  whorls 
marked  by  low,  rounded,  subequal,  spiral  keels,  excepting  the  one  at 
the  summit,  which  is  considerably  wider  than  the  rest.  Of  these 
keels,  6  occur  upon  the  first,  9  upon  the  second,  and  12  upon  the 
penultimate  turn.  Summit  of  the  whorls  appressed.  Sutures  very 
poorly  defined.  Periphery  of  the  last  whorl  well  rounded.  Base 
somewhat  produced,  well  rounded,  marked  by  9  subequal  and  sub- 
equally  spaced,  spiral  cords.  In  addition  to  the  above  sculpture, 
the  entire  surface  of  the  spire  and  base  is  marked  by  exceedingly 
fine,  incremental  lines  which  are  best  seen  on  the  spaces  between  the 
spiral  keels.  Aperture  decidedly  obUque,  broadly  oval;  outer  lip 
decidedly  expanded  anteriorly,  reenforced  with  a  thick  callus;  inner 
lip  very  oblique,  slightly  reflected  over  and. appressed  to  the  base; 
parietal  wall  covered  with  a  thick  callus. 

The  type  (Cat.  No.  16216,  U.S.N.M.)  comes  from  Cape  San  Lucas, 
Lower  California.  It  has  four  post-nuclear  whorls  and  measures: 
Length  3  nun.,  diameter  1.3  mm. 

ALVAIOA  URATA  Caipenter. 

Plate  29,  fig.  3. 

f Rissoa  lirata  Carpenter,  Cat.  Maz.  Shells,  1856,  p.  358. 

Shell  elongate-ovate;  early  whorls  light  brown,  later  ones  milk 
white.  Nuclear  whorls  two,  small,  well  rounded,  smooth.  Post- 
nuclear  whorls  marked  by  feebly  developed,  broad,  axial  ribs,  of 
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which  16  occtir  upon  the  second  and  third  and  18  upon  the  penulti- 
mate turn.  These  ribs  are  best  shown  immediately  posterior  to  the 
deeply  channeled  suture,  where  they  appear  as  a  cord  of  slender 
tubercles.  The  main  sculpture  of  the  shell  consists  of  fine,  spiral 
lirations,  of  which  6  occur  between  the  summit  and  the  tubercles  on 
the  first  turn  and  10  upon  the  second.  The  space  between  the 
tubercles  and  the  suture  seems  to  be  marked  by  a  single,  spiral 
liration  only.  '  On  the  last  whorl  the  tubercles  are  altogether  obsolete 
and  the  surface  of  this  whorl  is  marked  by  12  subequal  and  subequaUy 
spaced  spiral  cords,  of  which  the  3  near  the  summit  are  the  weakest. 
The  spaces  between  these  cords  are  narrower  than  the  cords.  Suture 
very  strongly  and  deeply  channeled.  Periphery  of  the  last  whorl 
marked  by  an  impressed  groove,  which  bears  a  slender,  spiral  cord  in 
its  middle.  Base  somewhat  produced,  scarcely  rounded,  marked  by 
eight  equal  and  equally  spaced,  spiral  cords.  Aperture  very  oblique, 
rather  large,  oval;  posterior  angle  acute;  outer  lip  decidedly  thick- 
ened inmiediately  behind  the  thin  edge;  inner  lip  stout,  curved, 
reflected  over,  and  appressed  to  the  base;  parietal  wall  covered  with 
a  thick  callus  which  joins  the  posterior  angle  of  the  aperture  with  the 
columella  and  renders  the  peritreme  complete. 

The  specimen  described  and  figured  is  one  of  ten  (Cat.  No.  208500, 
U.S.N.M.),  which  come  from  the  Gulf  of  California.  It  has  four  post- 
nuclear  whorls  and  measures:  Length  2.8  nmi.,  diameter  1.3  mm. 
Cat.  No.  16207,  U.S.N.M.,  contains  one  specimen  from  Cape  San 
Lucas,  Lower  CaUfomia,  and  Cat.  No.  32368,  U.S.IJ.M.,  contains  two 
from  the  Gulf  of  California. 

ALVAITIA  TRACmSMA.  new  tpwdMU 
Plate  29,  fig.  7. 

Shell  elongate-ovate,  yellowish  white.  (Nuclear  whorls  decol- 
lated.) Post-nuclear  whorls  slightly  rounded,  marked  by  slender, 
well  rounded,  almost  vertical,  axial  ribs,  of  which  26  occur  upon  the 
first  and  second  and  22  upon  the  third  and  the  penultimate  turn. 
These  axial  ribs  are  about  one-third  as  wide  as  the  spaces  that  sep- 
arate them  and  extend  prominently  from  the  summit  of  the  whorls, 
where  they  terminate  in  rounded  cusps,  to  the  umbiUcal  area.  In 
addition  to  the  axial  sculpture,  the  whorls  are  marked  by  spiral 
cords,  of  which  3  occur  between  the  sutures  on  the  first  and  second 
whorls,  5  on  the  third,  and  6  on  the  penultimate  turn.  The  spiral 
cords  pass  over  the  axial  ribs  as  cords.  The  spaces  inclosed  between 
the  axial  ribs  and  the  spiral  cords  are  elongate  oval  pits,  having 
their  long  axes  parallel  with  the  spiral  sculpture.  Suture  broad  and 
very  deeply  channeled.  Periphery  of  the  last  whorl  marked  by  a 
sulcus  a  little  wider  than  those  occurring  on  the  spire,  crossed  by  the 
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continuations  of  the  axial  ribs.  Base  moderately  produced,  slightly 
concave  in  the  middle,  marked  by  six  equal  and  almost  equally 
spaced  spiral  cords  and  the  continuations  of  the  axial  ribs.  Aperture 
oblique,  moderately  large,  oval;  posterior  angle  acute;  outer  lip  very 
thick,  reenforced  immediately  behind  the  edge  by  a  strong  varix, 
showing  about  10  internal  lirations  within  the  aperture;  inner  lip 
very  stout,  curved,  and  reflected  over  and  appressed  to  base;  parietal 
wall  covered  with  a  thick  callus  which  completes  the  peristome. 

The  type  (Cat.  No.  213684,  U.S.N.M.)  has  5  post-nuclear  whorls 
and  measures:  Length  3.3  mm.,  diameter  1.9  mm.  It  comes  from 
Monterey,  CaUfomia. 

ALVAIOA  CAUFORNICA,  new  species. 
Plate  29,  fig.  9. 

Shell  elongate-ovate,  the  spire  posterior  to  the  periphery  of  the 
last  whorl  forming  a  perfect  cone,  yellowish  white.  Nuclear  whorls 
two  and  one-half,  well  rounded,  smooth,  separated  by  a  moderately 
constricted  suture.  Post-nuclear  whorls  moderately  well  roimded, 
marked  by  slender,  rounded,  slightly  protractive,  axial  ribs,  of  which 
26  occur  upon  the  first  and  34  upon  the  second  and  the  penultimate 
turn.  These  axial  ribs  extend  quite  prominently  from  the  summit  of 
the  whorls,  where  they  form  slender  cusps,  to  the  periphery  of  the 
whorls,  becoming  evanescent  immediately  anterior  to  the  periphery. 
'  In  addition  to  the  axial  ribs,  the  whorls  are  marked  by  spiral  cords 
about  as  strong  as  the  axial  ribs.  Of  these  two  occur  upon  the  first 
volution,  where  they  divide  the  space  between  the  sutures  into  three 
equal  parts;  on  the  second  there  are  four,  while  upon  the  penulti- 
mate turn  there  are  six.  Suture  strongly  channeled.  Periphery  of 
the  last  whorl  marked  by  a  sulcus  as  wide  as  the  one  which  separates 
the  two  cords  posterior  to  it.  Base  moderately  long,  well  rounded, 
marked  by  six  almost  equally  spaced,  spiral  cords,  which  grow  suc- 
cessively stronger  from  the  periphery  to  the  umbilical  area.  In 
addition  to  these  spiral  cords,  there  are  feeble  extensions  of  the  axial 
ribs  occurring  in  the  space  between  the  first  and  second  sulcus  ante- 
rior to  the  periphery.  Aperture  very  broadly  oval;  posterior  angle 
obtuse;  outer  Up  very  thick,  reenforced  immediately  behind  the  edge 
by  a  strong  varix,  showing  about  10  lirations  within;  inner  lip  stout, 
curved,  strongly  reflected  over  and  appressed  to  the  base;  parietal 
wall  covered  with  a  thick  callus,  which  completes  the  peristome. 

The  type  and  10  other  specimens  (Cat.  No.  56347,  U.S.N.M.)  come 
from  Monterey,  CaUfomia.  The  type  has  3^  post-nuclear  whorls  and 
measures:  Length  2.5  mm.,  diameter  1.4  nma. 
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ALVAIOA  CARPBNTBRI  Wetaikaofl. 

Plate  29,  fig.  8. 

Ri88oa  carpenteri  Weinkauff,  Conch.  Cab.,  p.  192,  lSS6=Alvania  reticulata 
Carpenter,  Ann.  Mag.  Nat.  Hist.,  ser.  3,  vol.  14,  1865,  p.  429.  Not  Rmoa 
{^Alvania)  reticulata  Montagu,  1808. 

Shell  small,  elongate  ovate,  yellowish  white.  Nuclear  whorls  one 
and  one-half,  smooth,  well  rounded.  Post-nuclear  whorls  well  rounded ; 
the  first  two  slightly,  slopingly  shouldered  at  the  summit,  marked  by 
slender,  axial  ribs,  of  which  24  occur  upon  the  first,  32  upon  the  sec^ 
ond,  and  34  upon  the  penultimate  turn.  In  addition  to  the  axial 
ribs,  the  whorls  are  marked  by  spiral  cords  which  equal  the  ribs  in 
strength;  of  these  cords,  4  occur  upon  the  first  and  second  turns,  the 
space  between  the  summit  and  the  first  cord  is  considerably  wider 
than  that  between  any  of  the  cords  and  forms  a  sloping  shoulder. 
On  the  penultimate  whorl,  tlxis  space  is  marked  by  two  additional 
cords,  one  of  which  is  at  the  summit  and  the  other  is  halfway  between 
this  and  the  next  cord.  The  spaces  inclosed  between  the  axial  ribs 
and  the  spiral  cords  are  elongated  pits,  which  have  their  long  axes 
parallel  to  the  spiral  sculpture  in  all  cases  except  the  median,  where 
the  pits  are  squarish.  Suture  strongly  channeled.  Periphery  of 
the  last  whorl  marked  by  a  spiral  sulcus  equal  to  the  one  separating 
the  first  and  second  supraperipheral  cords.  Base  moderately  long, 
well  rounded,  not  attenuated  anteriorly,  marked  by  6  equal  and 
equally  spaced,  spiral  cords  and  very  feeble  continuations  of  the  axial 
ribs,  which  here  appear  as  very  slender  threads.  Aperture  broadly 
oval;  posterior  angle  obtuse;  outer  lip  thin,  showing  the  external 
sculpture  within;  inner  Hp  very  strongly  curved  and  slightly  re- 
flected; parietal  wall  covered  with  a  moderately  strong  callus,  which 
renders  the  peritreme  complete. 

The  type  (Cat.  No.  17728,  U.S.N.M.)  was  collected  by  J.  G.  Swan 
at  Neah  Bay,  Washington.  It  has  three  post-nuclear  whorls  and 
measures:  Length,  2  mm.,  diameter,  1.1  mm. 

ALVANIA  PEDROAKA,  new  species. 

Plate  29,  fig.  4. 

Shell  elongate-ovate,  milk  white.  Nuclear  whorls  two,  well  round- 
ed, smooth.  Post-nuclear  whorls  almost  flattened,  marked  by  rather 
strong,  vertical,  axial  ribs,  of  which  22  occur  upon  the  first  and  sec- 
ond, and  25  upon  the  penultimate  turn.  In  addition  to  the  axial 
ribs,  the  whorls  are  marked  by  spiral  cords  which  almost  equal  the 
axial  ribs  in  strength.  Of  these  cords,  5  occur  between  the  sutures 
on  all  the  whorls,  the  first  being  at  the  summit.    The  sununit  of  the 
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last  whorl  falls  anterior  to  the  peripheral  cord  on  the  penultimate 
whorl,  displaying  the  peripheral  cord  completely  in  the  suture.  The 
spaces  inclosed  between  the  spiral  cords  and  the  axial  ribs  are  elon- 
gated, oval  pits  about  as  wide  as  the  spiral  cords.  Suture  strongly 
and  deeply  channeled.  Periphery  of  the  last  whorl  marked  by  a 
spiral  cord,  which  is  separated  from  the  first  supraperipheral  cord  by 
a  channel  as  wide  as  that  separating  the  supraperipheral  cord  from 
its  posterior  neighbor.  The  axial  ribs  terminate  at  the  posterior  edge 
of  the  peripheral  cord.  Base  moderately  long,  slightly  produced 
anteriorly,  almost  flattened,  marked  by  8  equal  and  equally  spaced, . 
spiral  cords,  which  are  a  little  broader  than  the  channels  that  separate 
them.  Aperture  oval;  posterior  angle  obtuse;  outer  Up  thick  within, 
thin  at  edge;  inner  Up  strong,  curved,  reflected  over  and  appressed 
to  the  base;  parietal  wall  covered  with  a  thick  callus,  which  renders 
the  peritreme  complete. 

The  type  and  another  specimen  (Cat.  No.  213685,  U.S.N.M.)  are 
fossils  and  come  from  sand  rock,  San  Pedro,  California.  The  type 
has  3^  post-nuclear  whorls  and  measures:  Length,  2.2  mm.,  diameter 
1.2  mm. 

ALVANIA  FHOSA  Caxpenter. 

Plate  30,  fig.  7. 

Alvaniafiloaa  Carpenter,  Ann.  Mag.  Nat.  Hist.,  ser.  3,  vol.  15,  1865,  p.  28. 

Shell  elongate-conic,  thin,  translucent,  yellowish  white.  Nuclear 
whorls  one  and  one-half,  well  rounded,  smooth.  Post-nuclear  whorls 
well  rounded,  roundly  shouldered  at  the  summit,  marked  by  slender, 
feebly  developed,  sinuous,  axial  riblets.  In  addition  to  these  riblets, 
the  whorls  are  marked  by  equal  and  equally  spaced,  spiral  cords  which 
are  equal  to  the  riblets  in  strength.  Of  these  cords,  10  occur  be- 
tween the  sutures  on  the  antepenultimate,  and  12  on  the  penultimate 
turn.  The  spaces  inclosed  between  the  spiral  cords  and  the  axial 
ribs  are  shallow,  impressed,  squarish  pits.  Suture  strongly  con- 
stricted. Periphery  and  the  rather  short  base  of  the  last  whorl  well 
rounded;  the  latter  very  narrowly  umbihcated,  marked  by  eight  equal 
and  equally  spaced,  spiral  cords,  which  are  a  httle  wider  than  the 
spaces  that  separate  them.  The  sulci  between  the  spiral  cords  on  the 
base  are  crossed  by  the  feeble  extensions  of  the  axial  riblets.  Aper- 
ture broadly  oval;  posterior  angle  obtuse;  outer  lip  thin,  showing 
the  external  sculpture  within;  inner  Hp  moderately  stout,  curved  and 
reflected,  the  posterior  half  appressed  to  the  base;  parietal  wall  cov- 
ered with  a  thick  callus,  rendering  the  peritreme  complete. 

Doctor  Carpenter's  type  (Cat.  No.  36632,  U.S.N.M.)  was  collected 
by  J.  G.  Swan  at  Neah  Bay,  Washington.  It  has  4  post-nuclear 
whorls  and  measures:  Length  3.5  nun.,  diameter  1.7  mm.  This  shell 
suffered  an  injury  shortly  after  passing  the  nepionic  stage  and  it  is 
quite  possible  that  the  multifilations  which  characterize  this  form 
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may  be  a  pathologic  expression  due  to  the  injury  received.  I  am 
unable  to  refer  it  positively  to  any  of  the  known  species  and  therefore 
retain  it  in  its  present  position. 

ALVAinA  ALASKANA  DmlL 

Plate  30,  fig.  1. 

Alvania  orutaTiea  M5llsb,  var.  aUukana  Dall,  Proc.  U.  S.  Nat.  Mus.,  vol.  9,  1886, 
p.  307,  pi.  4,  fig.  9. 

Shell  very  elongate-ovate,  white.  Nuclear  whorls  one  and  one- 
half,  strongly  rounded,  very  finely  papillose.  Post-nuclear  whorls 
strongly  rounded,  appressed  at  the  summit,  marked  by  fairly  strong, 
spiral  cords,  of  which  three  occur  upon  the  first  whorl,  so  arranged 
that  the  first  below  the  summit  marks  the  anterior  termination  of  the 
posterior  third  between  the  sutures;  the  other  two  divide  the  space 
anterior  to  this  into  equal  parts.  The  spaces  separating  these  cords 
are  a  little  narrower  than  the  cords.  On  the  second  whorl  an  addi- 
tional cord  makes  its  appearance  halfway  between  the  summit  and  the 
first  spiral  cord  on  the  preceding  whorl,  thus  dividing  the  space  be- 
tween the  sutures  into  five  equal  portions.  The  penultimate  whorl 
has  the  same  spiral  sculpture  as  its  predecessor,  but  in  addition  this 
whorl  shows  the  peripheral  spiral  cord  a  little  posterior  to  the  suture. 
In  addition  to  these  spiral  cords,  the  whorls  are  marked  by  numerous 
very  fine,  spiral  striations,  which  are  apparent  on  the  cords  and  in  the 
grooves  that  separate  them.  The  axial  sculpture  is  reduced  to  very 
feeble  riblets,  which  are  closely  spaced  and  rather  irregularly  dis- 
tributed. Suture  very  strongly  constricted.  Periphery  of  the  last 
whorl  well  rounded.  Base  rather  short,  umbiUcated,  marked  by 
six  low,  rounded,  spiral  cords  which  are  situated  on  the  posterior  two- 
thirds  of  the  base  and  numerous  fine,  closely  spaced,  spiral  striations. 
Aperture  subcircular;  poterior  angle  obtuse;  outer  lip  thin,  showing 
the  external  sculpture  within;  inner  lip  slender,  curved,  reflected,  but 
free  from  the  base;  parietal  wall  covered  with  a  thick  callus  which 
renders  the  peritreme  complete. 

Cat.  No.  213686,  U.S.N.M.,  contains  the  two  cotypes  collected  by 
Doctor  Dall  at  Nunivak  Island,  Alaska.  One  of  these  has  3^  post- 
nuclear  whorls  and  measures:  Length  2.9  mm.,  diameter  1.5  mm., 
the  other  has  the  same  number  of  post-nuclear  tums  but  has  lost  the 
nucleus  and  measures:  Length  2.8  mm.,  diameter  1.5  mm.  I  have 
figured  the  last  specimen. 

ALVAIOA  MONTERSTBNSIS,  new  ^pedflt. 

Plate  30,  fig.  2. 

Shell  elongate-conic,  yellowish  white.  Nuclear  whorls  1§,  well 
rounded,  marked  by  about  8  very  slender,  spiral  lirations,  of  which 
the  3  near  the  summit  are  weaker  than  the  rest.    Post-nuclear  whorls 
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well  rounded,  marked  between  the  sutures  by  4  strong,  narrow  spiral 
cords,  which  divide  the  space  between  the  sutures  into  5  almost  equal 
parts,  that  between  the  summit  and  the  first  cord  being  a  little  wider 
than  the  rest.  In  addition  to  the  spiral  cords,  the  whorls  are  marked 
by  slender  axial  riblets,  which  are  about  as  strong  as  the  spiral  cords. 
Of  these  riblets,  about  24  occur  upon  the  first  and  second,  and  about 
26  upon  the  penultimate,  turn.  The  spaces  inclosed  between  the 
spiral  cords  and  the  axial  riblets  are  elongated  pits,  having  their 
long  axes  parallel  with  the  spiral  sculpture.  In  addition  to  the 
above  sculpture,  the  entire  surface  of  the  shell  is  marked  by  numerous 
very  fine,  closely  spaced  spiral  striations.  Suture  strongly  con- 
stricted. Periphery  of  the  last  whorl  marked  by  a  sulcus  as  wide 
as  that  which  separates  the  first  supraperipheral  cord  from  its  pos- 
terior neighbor.  Base  moderately  long,  scarcely  produced  ante- 
riorly, well  rounded,  marked  by  seven  spiral  cords,  which  grow 
successively  weaker  and  closer  spaced  from  the  periphery  to  the 
umbiUcal  region.  Aperture  moderately  large,  broadly  oval;  posterior 
angle  obtuse;  outer  lip  thin,  showing  the  external  sculpture  within; 
inner  hp  slender,  curved,  and  reflected,  the  posterior  edge  touching 
the  body  whorl;  parietal  wall  covered  with  a  moderately  thick  callus, 
which  renders  the  peritreme  complete. 

The  type  (Cat.  No.  160114,  U.S.N.M.)  comes  from  Monterey, 
California.  It  has  3}  post-nuclear  whorls,  and  measures:  Length, 
2.3  mm.,  diameter  1.1  mm.  Cat.  No.  213679,  U.S.N.M.,  contains  a 
specimen  from  Sitka  Harbor,  Alaska;  Cat.  No.  46174,  U.S.N.M., 
contains  three  from  Monterey,  California;  Cat.  No.  126719,  U.S.N.M., 
contains  two,  also  from  Monterey;  and  Cat.  No.  219742,  U.S.N.M., 
six  from  Pacific  Grove. 

ALVAinA  EXCURVATA  Caipenter. 
Plate  30,  fig.  6. 
tAlvania  excurvata  Carpenter,  Cat.  Maz.  Shells,  1856,  p.  359. 

Shell  elongate-conic,  brownish  gray.  Nuclear  whorls  2,  smooth. 
Post-nuclear  whorls  well  rounded,  marked  by  slender,  axial  ribs, 
of  which  about  16  occxir  upon  the  first,  18  upon  the  second,  20  upon 
the  third  and  fourth,  and  30  upon  the  penultimate  turn.  In  addi- 
tion to  the  axial  ribs,  the  whorls  are  marked  by  slender  spiral  cords, 
of  which  2  occur  upon  the  first  and  second,  3  upon  the  third  and 
fourth,  and  5  upon  the  penultimate  turn  between  the  sutures.  The 
spaces  inclosed  between  the  cords  and  ribs  are  squarish  pits.  Suture 
strongly  constricted.  Periphery  of  the  last  whorl  well  rounded. 
Base  moderately  long,  scarcely  attenuated,  well  rounded,  marked 
by  the  feeble  continuations  of  the  axial  ribs  and  three  spiral  cords. 
Aperture  oval;  outer  lip  thin;  inner  lip  strongly  curved  and  slightly 
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reflected;  parietal  wall  covered  with  a  thick  callus,  which  renders 
the  peritreme  complete. 

Doctor  Carpenter's  specimens  were  taken  from  Ohama  and  Spon- 
dylus,  at  Mazatlan.  The  type,  which  has  6  post-nuclear  whorls,  and  is 
in  the  Liverpool  Collection  of  the  British  Museum,  measures:  Length, 
2.8  mm.,  diameter  0.95  inm. 

ALVAinA  PROFTTIVDICOLA,  new  spedee. 
Plate  30,  fig.  5. 

Shell  ovate,  yellowish  white,  nucleus  yellow.  Nuclear  whorls  3, 
showing  8  fine  spiral  Urations,  which  are  about  half  as  wide  as  the 
spaces  that  separate  them.  The  spiral  sulci  between  the  lirations 
are  crossed  by  quite  regular,  very  slender  axial  threads,  lending  the 
surface  of  the  nucleus  a  finely  reticulated  appearance.  Post-nuclear 
whorls  well  rounded,  weakly  shouldered  at  the  summit,  marked  by 
rather  strong,  very  regular,  curved  axial  ribs,  of  which  25  occur 
upon  the  first,  26  upon  the  second,  and  32  upon  the  penultimate 
turn.  Intercostal  spaces  about  three  times  as  wide  as  the  ribs,  crossed 
by  fine  spiral  striations,  of  which  the  first  below  the  summit  is 
stronger  than  the  rest  and  passes  over  the  ribs,  constricting  them  so 
as  to  form  a  series  of  crenulations  at  the  suture.  Anterior  to  this 
line  the  spiral  striations  are  usually  much  enfeebled.  On  the  last 
whorl  there  are  about  12  of  these  lines  between  the  periphery  and  the 
summit.  Suture  strongly  constricted.  Periphery  of  the  last  whorl 
well  rounded.  Base  well  rounded,  decidedly  attenuated  anteriorly, 
marked  by  the  feeble  continuations  of  the  axial  ribs,  which  become 
evanescent  on  the  middle  of  the  base,  and  seven  subequal  and  sub- 
equally  spaced  spiral  lirations.  Aperture  subcircular;  posterior 
angle  obtuse;  outer  lip  thin  at  the  edge,  reenforced  immediately 
behind  the  edge  by  a  thick  varix;  inner  hp  slender,  decidedly  curved, 
and  reflected  over  and  appressed  to  the  base;  parietal  wall  covered 
with  a  thick  callus,  which  renders  the  peritreme  complete. 

The  type  and  24  other  specimens  (Cat.  No.  207606,  U.S.N.M.)  were 
dredged  by  the  United  States  Bureau  of  Fisheries  steamer  Albatross 
at  station  2808,  in  634  fathoms,  on  coral  sand  bottom,  bottom  tem- 
perature 39.9°,  near  the  Galapagos  Islands.  The  type  has  4  post- 
nuclear  whorls,  and  measures:  Length  3.2  nmi.,  diameter  1.7  nmi. 

ALVAinA  HOODENSIS,  nfl 


Plate  30,  fig.  3. 

Shell  small,  elongate-conic,  white.  Nuclear  whorls  a  little  more 
than  1,  suflSciently  eroded  to  make  the  question  of  sculpture  doubtful. 
Post-nuclear  whorls  slopingly  shouldered  at  the  summit,  marked  by 
obsolete,  rounded,  rather  broad,  vertical  axial  ribs  of  which  about 
20  occur  upon  the  second  and  24  upon  the  third  and  the  penultimate 


Digitized  by 


Google 


846         ^  PROCEEDINGS  OF  THE  NATIONAL  MUSEUM.  vol.  41. 

turn.  In  addition  to  the  aodal  sculpture,  the  post-nuclear  whorls 
bear  quite  regular,  rounded  spiral  cords,  of  which  3  occur  upon  the 
first  whorl  between  the  sutures,  4  upon  the  second,  8  upon  the  third — 
where  the  primary  4  seem  to  have  undergone  bifurcation — and  about 
14  upon  the  penultimate  turn.  The  spiral  cords  are  superimposed 
upon  the  axial  ribs.  The  spaces  inclosed  between  the  spiral  cords 
and  axial  ribs  are  very  elongated  narrow  pits,  having  their  long 
axes  parallel  with  the  spiral  sculpture.  The  sloping  shoulder  on  the 
whorls  extends  from  the  appressed  summit  to  the  anterior  limit  of 
the  posterior  fourth  of  the  whorls  between  the  sutures.  Suture 
moderately  constricted.  Periphery  of  the  last  whorl  well  rounded. 
Base  moderately  long,  slightly  produced  anteriorly,  marked  by  9 
equal  and  equaUy  spaced  spiral  cords,  which  are  considerably  wider 
than  the  spaces  that  separate  them.  Aperture  irregularly  oval; 
outer  lip  slightly  thickened  behind  the  edge,  rendered  sinuous  at  the 
edge  by  the  external  sculpture;  inner  lip  decidedly  curved  and  slightly 
reflected  over  and  partly  appressed  to  the  base;  parietal  wall  covered 
with  a  moderately  thick  callus. 

The  type  and  two  other  specimens  (Cat.  No.  213687,  U.S.N.M.) 
were  dredged  by  theUnited  States  Bureau  of  Fisheries  steamer  Albatross 
at  station  2813,  off  Hood  Island,  Galapagos  Islands,  in  40  fathoms, 
on  coral  sand  bottom,  bottom  temperature  81°.  The  type  has  5 
post-nuclear  whorls,  and  measures:  Length  2.5  mm.,  diameter  1.1  mm. 

ALVAlilA  ELECTRINA  Caxpenter. 

Plate  30,  fig.  4. 

tDiala  electrina  Gabpenter,  Ann.  Mag.  Nat.  Hist.,  ser.  3,  vol.  3,  1864,  p.  478. 
Shell  elongate-conic,  golden  brown.  Nuclear  whorls  two  and  one- 
quarter,  well  roundedj  smooth.  Post-nuclear  whorls  faintly  shoul- 
dered at  the  summit,  well  rounded,  marked  by  low,  poorly  developed, 
rounded,  almost  vertical,  axial  ribs  which  are  very  poorly  expressed 
on  the  first  turn,  but  slightly  better  on  the  remaining  ones.  Of 
these  ribs,  18  occur  upon  the  second,  and  22  upon  the  penultimate 
turn.  In  addition  to  the  axial  ribs,  the  whorls  are  marked  by  low, 
spiral  cords  which  increase  in  width  successively  from  the  summit  to 
the  periphery.  Of  these  cords,  5  occur  between  the  sutures  on  the 
second  and  on  the  penultimate  turn.  The  spiral  cords  pass  regularly 
over  the  axial  ribs.  The  spaces  inclosed  between  the  spiral  cords 
and  axial  ribs  are  narrow,  elongated  pits,  having  their  long  axes 
parallel  to  the  spiral  sculpture.  Suture  weakly  impressed.  Pe- 
riphery of  the  last  whorl  well  rounded.  Base  moderately  long,  evenly 
and  well  rounded,  marked  by  three  low,  broad,  rounded,  spiral 
cords  which  are  separated  by  narrow,  incised  lines.  Aperture 
oblique,  ovate;  posterior  angle  almost  acute;  outer  lip  rather  thick; 
inner  lip  short,  strongly  curved,    reflected  over  and  appressed  to 
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the  base;  parietal  wall  covered  with  a  thick  callus  which  renders  the 
peritreme  complete. 

Doctor  Carpenter's  type  (Cat.  No.  12217,  U.S.NJkf.)  comes  from 
Cape  San  Lucas,  Lower  California.  It  has  4  post-nuclear  whorls 
and  measures:  Length  2.7  mm.,  diameter  1.1  mm. 

ALVAinA  PBRLATA  Mttich. 

Alvania  perlata  Mobgh,  Mai.  Bl&tt.,  vol.  7, 1868,  p.  68. 

Shell  small,  soUd,  elongate-ovate,  marked  by  a  peripheral  chestnut 
band  which  is  apparent  upon  all  the  whorls  of  the  spire.  Nuclear 
whorls  smooth.  Postnuclear  whorls  marked  between  the  sutures 
by  four  spiral  cords,  the  spaces  between  which  are  not  crossed  by 
the  continuations  of  the  axial  ribs.  Aperture  small,  subcircular; 
outer  lip  somewhat  constricted  and  expanded  anteriorly. 

Morch's  type,  which  is  in  the  Copenhagen  Museum,  came  from 
Central  America.  It  has  6  post-nuclear  whorls  and  measures; 
length  2.8  mm.,  diameter  1.5  mm. 

ALVAinA  OALAPAOBNSIS,  new  spedes. 
Plate  30,  fig.  9. 

Shell  ovate,  yellowish  white.  Nuclear  whorls  at  least  two  (having 
their  surface  eroded  in  all  our  specimens).  Post-nuclear  whorls 
flattened  in  the  middle,  marked  by  rather  slender,  irregularly  slanting 
axial  ribs,  of  which  18  occur  upon  the  second  and  third,  and  20  upon 
the  penultimate  turn.  The  ribs  are  less  than  one-third  as  wide  as 
the  spaces  that  separate  them.  In  addition  to  the  axial  ribs,  the 
whorls  are  marked  by  poorly  developed,  spiral  cords,  of  which  3 
occur  upon  the  second  and  third,  the  first  being  at  the  summit  and 
the  second  marking  the  termination  of  the  anterior  third  between 
the  sutures,  while  the  £hird  is  halfway  between  this  and  the  suture. 
The  intersections  of  the  axial  ribs  and  spiral  cords  form  the  merest 
indications  of  nodules,  while  the  spaces  inclosed  between  them  are 
squarish  pits  on.  the  second  and  third  whorls,  and  also  between  the 
first  and  second  cords  on  the  penultimate  whorl.  The  space  between 
the  second  and  third  cords  on  the  penultimate  whorl  is  divided  by  a 
slender,  spiral  thread  which  renders  the  pits  elongate,  with  their 
long  axes  parallel  to  the  spiral  sculpture.  Suture  slightly  constricted, 
showing  the  posterior  edge  of  the  first  basal  cord.  Periphery  of  the 
last  whorl  marked  by  a  sulcus  as  wide  as  that  separating  the  first 
and  second  spiral  cords  between  the  sutures  and,  like  it,  crossed  by 
the  feeble  continuations  of  the  axial  ribs,  which  terminate  at  its 
posterior  border.  Base  produced  anteriorly,  slightly  rounded,  with  a 
faint  suggestion  of  concavity  in  its  middle,  marked  by  six  spiral  cords, 
which  grow  successively  weaker  and  closer  spaced  from  the  periphery 
to  the  umbilical  region.    Aperture  subcircular;  outer  lip  very  thick^ 
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reenforced  immediately  behind  the  edge  by  a  strong  varix;  inner 
lip  shorty  very  stout,  reflected  over  the  attenuated  base;  parietal 
wall  covered  with  a  thick  callus,  which  renders  the  peiitreme  com- 
plete. 

The  type  and  two  other  specimens  (Cat.  No.  207590,  U.S.N3f.) 
were  dredged  by  the  United  States  Bureau  of  Fisheries  steamer 
AJhatross  at  station  2808,  near  the  Galapagos  Islands,  in  634  fathoms 
on  coral  sand  bottom,  with  a  bottom  temperature  of  39.9°.  The 
type  has  4  post-nuclear  whorls  and  measures:  Length  3.3  mm., 
diameter  1.9  mm. 

ALVAinA  NEMO,  new  ^pedflt. 

Plate  30,  fig.  8. 

Shell  ovate,  white.  Nuclear  whorls  two  and  one-half,  marked  by 
two  very  strong,  spiral  keels  which  are  separated  by  a  sulcus  as 
broad  as  the  keels.  Post-nuclear  whorls  well  rounded,  marked  by 
low,  rounded,  slightly  retractive,  axial  ribs,  14  of  which  occur  upon 
all  the  turns.  In  addition  to  the  axial  sculpture,  the  whorls  are 
marked  by  a  low,  poorly  developed,  rounded,  spiral  cord  at  the 
summit,  and  two  considerably  stronger  cords — separated  by  a 
narrow  channel — a  little  anterior  to  the  middle  of  the  whorl.  On 
the  penultimate  whorl  a  slender,  spiral  cord  appears,  halfway  between 
the  one  at  the  summit  and  the  first  one  below  it.  The  spaces  inclosed 
between  the  spiral  cords  and  axial  ribs  are  squarish  pits  at  the  summit 
on  all  the  whorls  except  the  penultimate  and  last,  where  an  inter- 
calated spiral  cord  renders  them  oblong.  The  spaces  between  the 
two  strong,  spiral  cords  and  the  axial  ribs  are  very  long,  narrow  pits, 
having  their  long  axes  parallel  to  the  spiral  sculpture,  while  the 
spaces  inclosed  between  the  last  spiral  cord,  the  suture,  and  the 
axial  ribs  are  also  squarish  in  form.  Suture  moderately  constricted. 
Periphery  of  the  last  whorl  marked  by  a  broad  sulcus,  which  is 
bounded  anteriorly  by  a  strong  spiral  cord.  This  sulcus  is  crossed 
by  the  continuations  of  the  axial  ribs  which  terminate  at  the  posterior 
edge  of  the  basal  spiral  cord.  Base  produced  .anteriorly,  very 
slightly  roimded,  marked  by  eight  low,  poorly  developed,  flattened 
spiral  cords,  of  which  the  one  immediately  below  the  periphery  is  the 
strongest.  Aperture  broadly  oval;  posterior  angle  obtuse;  outer  lip 
very  thick,  reenforced  immediately  behind  the  edge  by  a  strong 
varix;  inner  lip  very  oblique,  curved,  reflected  over,  and  appressed 
to  the  base;  parietal  wall  covered  with  a  thick  callus,  rendering  the 
peristome  complete. 

The  type  and  three  other  specimens  (Cat.  No.  196011,  U.S.N3I.) 
were  dredged  by  the  United  States  Bureau  of  Fisheries  steamer 
Albatross  at  station  2813,  in  40  fathoms,  on  coral  sand  bottom;  bottom 
temperature  81^,  off  the  Galapagos  Islands.  The  type  has  4  post- 
nuclear  whorls  and  measures:  Length  2.6  mm.,  diameter  1.2  mm. 
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ALVAIOA  ROSANA,  new  spedes. 
Plate  31,  fig.  6. 

Shell  broadly  ovate,  yellowish  white.  Nuclear  whorls  two  and  one- 
half,  smooth,  well  rounded.  Post-nuclear  whorls  well  rounded, 
marked  by  narrow,  well-rounded,  somewhat  sinuous,  almost  verti- 
cal, axial  ribs  which  are  about  one-third  as  wide  as  the  spaces  that 
separate  them.  Of  these  ribs  24  occur  upon  the  second  and  the 
penultimate  turn.  In  addition  to  the  axial  sculpture  the  whorls  are 
marked  by  low,  rounded,  equal  and  equally  spaced  spiral  cords, 
which  are  a  little  weaker  than  the  axial  ribs.  Of  these  cords  6  occur 
between  the  sutures  on  the  second  turn  and  7  on  the  penultimate 
turn,  the  first  being  at  the  summit.  These  spiral  cords  are  a  little 
narrower  than  the  spaces  that  separate  them.  Suture  moderately 
constricted.  Periphery  of  the  last  whorl  inflated,  marked  by  a 
sulcus  which  is  as  vnde  as  the  spaces  that  separate  the  cords  on  the 
psire  and,  like  them,  crossed  by  the  continuations  of  the  axial  ribs, 
which  terminate  at  the  posterior  border  of  the  first  basal  keel.  Base 
strongly  rounded,  narrowly  umbilicated,  very  slightly  attenuated 
anteriorly,  marked  by  eight  equal  and  equally  spaced  spiral  cords 
which  are  about  as  wide  as  the  spaces  that  separate  them.  '  Aper- 
ture broadly  oval;  posterior  angle  obtuse;  outer  lip  thick,  reen- 
forced  immediately  behind  the  edge  by  a  moderately  thick  caQus; 
inner  lip  strongly  curved  and  somewhat  reflected  over  and  partly 
appressed  to  the  base;  parietal  wall  covered  with  a  moderately  thick 
callus. 

The  type  and  72  specimens  (Cat.  No.  213688,  U.S.N.M.)  were 
dredged  by  the  United  States  Bureau  of  Fisheries  steamer  Albatross 
at  station  2901  in  48  fathoms,  off  Santa  Rosa  Island,  California,  on 
mud  bottom,  bottom  temperature  65°.  The  type  has  three  post- 
nuclear  whorls  and  measures:  Length  2.6  mm.,  diameter  1.5  mm. 
Cat.  No.  213689,  U.S.N.M.,  contains  45  specimens  dredged  by  the 
United  States  Biffeau  of  Fisheries  steamer  Albatross  at  station  2902 
in  53  fathoms,  off  Santa  Rosa  Island,  California,  on  mud  bottom, 
bottom  temperature  45°.  Cat.  No.  23762,  U.S.N.M.,  contains  one 
specimen  dredged  in  30  fathoms  off  Catalina  Island,  California,  and 
Cat.  No.  46169,  U.S.N.M.,  contains  one  which  was  also  dredged  in 
30  fathoms  off  Catalina  Island,  California. 

ALVAinA  FOSSILIS,  new  spedes. 
Plate  31,  fig.  8. 

Shell  broadly  ovate,  white.  Nuclear  whorls  at  least  two,  having 
their  surface  eroded.  Post-nuclear  whorls  almost  flattened,  marked 
by  rather  strong,  protractive,  axial  ribs,  of  which  24  occur  upon  all 
the  whorls.  These  ribs  are  about  one  and  one-half  times  as  wide 
as  the  spaces  that  separate  them  and  terminate  at  the  posterior  edge 
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of  the  first  basal  cord.  In  addition  to  the  axial  ribs  the  whorls  are 
marked  by  low  spiral  cords,  almost  equaling  the  axial  ribs  in  strength. 
Of  these  cords  there  are  5  between  the  sutures  on  the  first  whorl  and 
6  on  the  last  one.  The  spaces  between  these  cords  are  about  one- 
foiurth  as  wide  as  the  cords.  Suture  poorly  marked,  scarcely  at  all 
impressed.  Periphery  of  the  last  whorl  marked  by  a  sulcus  a  little 
wider  than  the  spaces  that  separate  the  cords  on  the  ^ire,  crossed 
by  the  continuations  of  the  axial  ribs.  Base  somewhat  inflated, 
well  rounded,  marked  by  eight  ill-defined  spiral  cords,  which  are 
separated  by  shallow  impressed  lines.  Aperture  oval;  posterior 
angle  obtuse  (outer  lip  fractured) ;  inner  lip  strong,  strongly  ciu^ed, 
and  slightly  reflected  over  and  appressed  to  the  base;  parietal  wall 
covered  with  a  strong  callus. 

The  type  (Cat.  No.  213691,  U.S.N.M.)  is  a  fossil  and  comes  from 
sand  rock,  San  Pedro,  California.  It  has  2^  post-nuclear  whorls  and 
measures:  Length  2  mm.,  diameter  1.2  mm. 

ALVANIA  n^IULroKBIVSIS,  new  speciet. 
Plate  31,  fig.  2. 

Shell  ovate,  light  purplish  brown.  Nuclear  whorls  two  (surface 
eroded).  Post-nuclear  whorls  well  rounded,  appressed  at  the  sum- 
mit, marked  by  slender,  protractively  curved  axial  riblets,  of  which 
24  occur  upon  the  first,  36  upon  the  second,  and  about  46  upon  the 
last  turn.  These  riblets  are  almost  as  wide  as  the  spaces  that  sepa- 
rate them.  In  addition  to  the  axial  ribs  the  whorls  are  marked  by 
low  spiral  cords  which  equal  the  axial  ribs  in  strength.  Of  these 
cords  6  occur  upon  the  first  and  7  upon  the  second  and  the  penulti- 
mate turn,  between  the  sutures.  The  spaces  inclosed  between  the 
axial  ribs  and  spiral  cords  are  small,  squarish  pits.  Suture  moder- 
ately constricted.  Periphery  of  the  last  whorl  marked  by  a  sulcus 
equal  to  those  occurring  between  the  spiral  cords  on  the  spire.  Base 
strongly  rounded,  somewhat  inflated,  marked  by  8  equal  and  equally 
spaced,  somewhat  flattened,  low  spiral  cords  which  equal  the  sulci 
between  them  in  width.  In  addition  the  base  is  marked  by  very 
fine  lines  of  growth  which  extend  over  the  cords  and  interspaces. 
Aperture  broadly  ovate;  posterior  angle  obtuse;  outer  lip  thin,  with 
a  very  faint  varix  immediately  behind  its  edge;  inner  lip  moder- 
ately strong,  strongly  curved  and  reflected  over  and  appressed  to  the 
base;  parietal  wall  covered  with  a  thin  callus. 

The  type  and  7  other  specimens  (Cat.  No.  213690,  U.S.N.M.)  were 
dredged  by  the  United  States  Bureau  of  Fisheries  steamer  Albatross 
at  station  3333  in  19  fathoms,  off  Diuliuk  Harbor,  Alaska,  bottom 
temperature  43.9®.  The  type  has  3J  post-nuclear  whorls  and  meas- 
ures: Length  3  mm.,  diameter  1.7  mm.  Cat.  No.  208750,  U.S.N.M., 
contains  a  specimen  dredged  by  Doctor  Dall  in  16-75  fathoms  off 
Belkoffski,  Alaska. 
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ALVAIOA  COICPACTA  Caipentor. 
Plate  31,  fig.  7. 
Ri98oa  oompada  Carpenter,  Proc.  Acad.  Nat.  Sci.  Phila.,  1866,  p.  62. 

Shell  ovate,  light  chestnut  brown.  Nuclear  whorls  two  and  one- 
quarter,  well  rounded,  smooth.  Post-nuclear  whorls  well  rounded, 
slightly  shouldered  at  the  summit,  marked  by  poorly  developed, 
slightly  protractive,  axial  ribs,  of  which  24  occur  upon  the  first  and 
second  and  30  upon  the  penultimate  whorl.  In  addition  to  these 
axial  ribs  the  whorls  are  marked  by  equal  and  equally  spaced  spiral 
cords,  which  axe  almost  equal  to  the  axial  ribs  in  strength  and  of 
which  6  occur  upon  the  first  and  7  upon  the  second  and  the  penulti- 
mate turn  between  the  sutures.  The  first  of  these  spiral  cords  is  at 
the  summit,  which  it  renders  feebly  crenulate.  The  spaces  inclosed 
between  the  axial  ribs  and  spiral  cords  are  rectangular  pits,  just  a 
trifle  longer  than  broad,  their  long  axes  corresponding  to  the  spiral 
sculpture.  In  addition  to  the  above  sculpture  the  entire  siu^ace  of 
the  spire  is  marked  by  exceedingly  fine,  closely  spaced  spiral  stri- 
ations  and  axial  lines  of  growth.  Suture  moderately  impressed. 
Periphery  of  the  last  whorl  marked  by  a  sulcus  as  wide  as  those  which 
separate  the  spiral  cords  on  the  spire.  Base  strongly  rounded, 
feebly  produced  anteriorly,  marked  by  nine  equal  and  equally  spaced 
somewhat  flattened  spiral  cords,  which  are  about  as  wide  as  the 
spaces  that  separate  them,  and  the  fine  sculpture  noted  for  the  spire. 
Aperture  broadly  ovate;  posterior  angle  obtuse;  outer  lip  thin, 
showing  the  external  sculp tiffe  within;  inner  Up  strongly  curved, 
slightly  reflected  over  and  appressed  to  the  base;  parietal  wall  cov- 
ered with  a  thick  caQus. 

The  specimen  described  and  figured  is  a  perfect  individual  (Cat. 
No.  204018,  U.S.N.M.)  and  was  collected  in  Bear  Bay,  Peril  Strait, 
Baranoff  Island,  Alaska.  It  has  4  post-nuclear  whorls  and  measiu^es: 
Length  3  mm.,  diameter  1.7  mm.  Doctor  Carpenter's  cotypes,  four 
specimens  (Cat.  N.  4338,  U.N.S.M.),  come  from  Puget  Sound,  Wash- 
ington. None  of  these  is  as  perfect  as  the  specimen  described  and 
figured. 

Spedmena  examined. 


Catalogue  No. 


100992. 


204018  (figured).. 

204040 

107442 

213092 

208059 

120050 

211010 

16618 

4338(oot7pe8)... 


Locality. 


Port  Etches,  Alaska 

Virgin  Bay,  Prince  William  Sound,  Alaska 

Bear  Bay  .Peril  Strait,  Baranoff  Island,  Alaska 

Windfall  Harbor,  Alaska 

Cumshewa  Inlet,  Queen  Charlotte  Island,  Alaska  (10-16  fathoms) . 

Satumla  Island,  British  Columbia  (in  crop  of  Uarelda) 

Satumia  Island,  British  Columbia  (in  duck  crop) 

Victoria,  Vancouver  Island ,  British  Columbia 

Barkley  Soimd,  Vancouver  Island,  British  Columbia 

Neah  Bay ,  Washington 

Puget  Sound,  Washington 


Number 
of  speci- 
mens. 


1 
2 
3 
17 
1 
.  9 
160 
7 
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ALVANIA  ACUTILIRATA  C«ip«iit8r. 

Plate  31,  fig.  3. 
Ri88oa  aeutUirata  Carpenter,  Proc.  Gala.  Acad.  Sci.,  vol.  3,  1866,  p.  217. 

Shell  small,  ovate,  yellowish  white,  with  the  base  of  the  columella 
and  the  posterior  angle  of  the  aperture  purplish  chestnut  brown. 
Nuclear  whorls  two  and  one-half,  small,  strongly  rounded,  smooth. 
Post-nuclear  whorls  very  feebly  shouldered  at  th«  sunMnit,  marked 
by  regular,  slender,  slightly  protractive,  axial  ribs,  which  are  about 
half  as  wide  as  the  spaces  that  separate  them.  Of  these  ribs  24 
occur  upon  the  first,  22  upon  the  second,  and  20  upon  the  penulti- 
mate turn.  In  addition  to  the  axial  ribs,  the  whorls  are  marked  by 
slender  spiral  cords  which  are  a  little  more  than  half  as  strong  as 
the  axial  ribs,  and  about  half  as  wide  as  the  spaces  that  separate 
them.  Of  these  cords,  6  occur  between  the  sutures  on  the  first,  and 
7  on  the  second  and  the  penultimate  turn.  The  spaces  inclosed 
between  the  axial  ribs  and  the  spiral  cords  are  elongated  pits,  having 
their  long  axes  parallel  to  the  spiral  sculpture.  Suture  well  impressed. 
Periphery  of  the  last  whorl  marked  by  a  well-rounded,  spiral  cord, 
at  the  posterior  edge  of  which  the  axial  ribs  terminate.  Base  well 
rounded,  feebly  produced  anteriorly,  marked  by  8  spiral  cords,  which 
grow  successively  weaker  and  more  closely  spaced  from  the  periphery 
to  the  mnbilical  region.  Aperture  broadly  oval;  posterior  angle 
acute;  outer  lip  rather  thin  at  the  edge,  thinner  within,  showing  the 
external  sculpture  within;  inner  lip  moderately  stout,  strongly  curved 
and  reflected  over  and  appressed  to  the  base;  parietal  wall  covered 
with  a  thick  callus,  rendering  the  peritreme  complete. 

The  specimen  described  and  figured  (Cat.  No.  163072,  U.S.N.M.) 
comes  from  San  Diego  Bay,  California.  It  has  3  post-nuclear  whorls 
and  measures:  Length  2.3  mm.,  diameter  1.2  mm. 

Specimens  examined. 


Catalogue  No. 


195335 

213093 

152195 

129005 

153072  (figured). 
213694 

1989S8 


Locality. 


Monterey,  CalUomia , 

San  Pedro,  California , 

Do 

San  Diego,  California 

San  Diego  Bay,  California  (drift) 

United  states  Bureau  of  Fisheries  station  2932,  Los  Coronados  Island, 

California  (20  fathoms,  58**,  gray  sand  and  broken  shell  bottom). 
Todos  Santos  Bay,  Lower  California 


Number 
of  sped- 


1 
30 

1 
7 

1 
4 


ALVANIA  COSMIA,  new  speclM. 
Plate  31,  fig.  4. 

Shell  small,  elongate-ovate,  white,  semitranslucent.  Nuclear 
whorls  one  and  one-half,  marked  by  four,  moderately  strong,  spiral 
iirations  which  are  separated  by  strongly  impressed  lines.    Post- 
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nuclear  whorls  appressedat  the  summit,  strongly,  slopingly  shouldered, 
the  shoulder  extending  from  the  summit  to  the  anterior  termination 
of  the  posterior  third  between  the  sutures,  marked  by  two  strong 
nodulose,  spiral  keek,  of  which  the  first  is  situated  on  the  angle  of 
the  shoulder^  while  the  second  is  about  as  far  posterior  to  the  suture 
as  the  first  is  anterior  to  the  summit.  In  addition  to  these  spiral 
keels,  the  whorls  are  marked  by  moderately  strong,  axial  ribs  which 
become  enfeebled  on  the  shoulder  and  anterior  to  the  second  keel. 
Of  these  ribs,  16  occur  upon  the  first  and  second,  and  18  upon  the 
penultimate  turn.  The  spaces  inclosed  between  the  spiral  keels  and 
axial  ribs  are  large,  deeply  impressed,  squarish  pits,  while  their  junc- 
tions form  cusplike  tubercles.  Suture  strongly  channeled.  Periph- 
ery of  the  last  whorl  marked  by  a  strong,  sublamellar,  spiral  keel. 
Base  moderately  long,  marked  by  three  spiral  keels,  which  grow  suc- 
cessively weaker  and  closer  spaced  from  the  periphery  to  the  umbili-* 
cal  area.  The  broad  spaces  between  the  spiral  keels  are  marked  by 
slender,  axial  lines  of  growth.  Aperture  broadly  ovate;  posterior 
angle  obtuse;  outer  lip  reenforced  immediately  behind  the  edge  by  a 
strong  varix,  transparent,  showing  the  external  sculpture  within; 
inner  lip  rather  stout,  decidedly  exuded,  and  strongly  reflected  over 
and  appressed  to  the  base;  parietal  wall  covered  wilJi  a  thick  caUus 
which  renders  the  peritreme  complete. 

The  type  (Cat.  No.  213698,  U.S.N.M.)  comes  from  San  Pedro,  Cali- 
fornia. It  has  3^  post-nuclear  whorls  and  measures:  Length  2.2 
mm.,  diameter  1.2  nmi.  Cat.  No.  162661,  U.S.N.M.,  contains  one 
specimen  from  La  Jolla,  California,  and  Cat.  TsTd.  162664,  U.S.N.M., 
contains  one  from  San  Martin  Island,  Lower  California. 

ALVANIA  PURPITRSA  D»U. 

Plate  31,  fig.  1. 

Alvania  purpurea  Dall,  Amer.  Joum.  Conch.,  vol.  7,  1872,  pp.  11&-17. 
Shell  elongate-ovate,  light  yellow.  Nuclear  whorls  one  and  one- 
half,  well  rounded,  very  finely  papillose.  Post-nuclear  whorls 
appressed  at  the  summit,  strongly,  slopingly  shouldered,  marked  by 
lamellar,  slightly  retractive,  axial  ribs,  of  which  18  occur  upon  the 
first  and  second,  and  20  upon  the  peniiltimate  turn.  In  addition  to 
these  axial  ribs,  the  whorls  are  marked  between  the  sutures  by  two 
spiral  lamellsd  which  divide  the  space  between  the  sutures  into  two 
almost  equal  portions,  the  one  at  the  siunmit  being  a  little  narrower 
than  the  other.  The  junctions  of  the  axial  and  spiral  sculpture  form 
spiral  cusps,  while  the  spaces  inclosed  between  them  are  broadly  rec- 
tangular pits,  having  their  long  axes  parallel  with  the  axial  sculpture. 
The  spaces  inclosed  between  the  summit,  the  first  spiral  lamella,  and 
the  axial  ribs  are  rhomboidal,  while  those  between  the  second  spiral 
lamella,  the  suture,  and  the  axial  ribs  are  very  broadly  rhomboidal. 
94428*>-Proc.N.M.vol.41-ll ^23 
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The  sloping  shoulder  extends  from  the  summit  to  the  first  spiral 
lamella.  Suture  strongly  channeled.  Periphery  of  the  last  whorl 
marked  by  a  spiral  cord,  to  which  the  axial  ribs  extend.  Base  mod- 
erately produced,  well  rounded,  marked  by  three  strong,  sublamellar, 
subequal,  spiral  cords  which  divide  the  base  into  four  equal  parts. 
These  cords  are  about  one-fourth  as  wide  as  the  concave  spaces  that 
separate  them,  whi6h  are  marked  by  fine  incremental  lines  only. 
Aperture  broadly,  regularly  oval,  slightly  eflfuse  anteriorly;  posterior 
angle  obtuse;  outer  lip  thin  at  the  edge^  thicker  within;  inner  lip 
strongly  curved  and  reflected  over,  and  appressed  to  the  base;  pari- 
etal wall  covered  with  a  thick  callus,  rendering  the  peritreme 
complete. 

The  specimen  described  and  figured  (Cat.  No.  152193,  U.S.NJI.) 
is  a  little  more  perfect  than  Doctor  Dall's  cotypes.  It  has  almost 
4  post-nuclear  whorls  and  measures:  Length  2.6  mm.,   diameter 

1.4  mm. 

Specimens  examined. 


Catalogue  No. 


Locality. 


Number 
of  sped- 
mens. 


56416  (cotypes).... 

46173 

152193  (figured) 

129006 

134856 

105468 

213605 

162665 


Monterey,  California 

Do 

San  Pedro,  California. 

San  Pedro  and  San  Diego.  CaUfomla 

San  Diego,  California  (on  kelp  root) 

San  Diego,  California. 

United  States  Bureau  of  Fisheries  station  2932,  Los  Coronados  Island, 

California  (20  fothoms,  58*.  gray  sand  and  broken  shell). 
San  Martin  Island,  Lower  CallJomla 


2 

1 
3 
8 
6 
12 
1 


ALVANIA  HAUA,  new  ^pedflt. 

Plate  31,  fig.  5. 

SheU  elongate-conic,  white.  Nuclear  whorls  one  and  one-half,  well 
roimded  apparently  with  several  spiral  Urations,  which  are  ill-defined 
on  the  somewhat  eroded  surface  of  our  shells.  Post-nudear  whorls 
shouldered  at  the  summit,  ornamented  by  strong,  axial  ribs,  of  which 
14  occur  upon  the  second,  16  upon  the  third,  and  20  upon  the  penul- 
timate turn.  These  ribs  extend  strongly  from  the  summit  of  the 
whorls  to  the  suture.  In  addition  to  the  axial  ribs,  the  whorls  are 
marked  by  three  spiral  cords  which  are  about  half  as  wide  as  the 
spaces  that  separate  them.  The  first  of  these  cords  is  at  the  angle  of 
the  shoulder  near  the  summit,  the  second  on  the  middle  of  the  whorl, 
while  the  third  is  immediately  above  the  deeply  channeled  suture. 
The  intersections  of  the  axial  ribs  and  spiral  cords  form  strong  tuber- 
cles, while  the  spaces  inclosed  between  them  are  deeply  impressed, 
squarish  pits.  Periphery  of  the  last  whorl  marked  by  a  sulcus  which 
is  almost  as  wide  as  that  separating  the  supraperipheral  from  the 
median  cord  and,  like  it,  is  crossed  by  the  continuations  of  the  axial 


Digitized  by 


Google 


wo.  1863.        M0LLU8K8  OF  THE  GENUS  ALVANIA—BABT8CH.  355 

ribs.  Base  attenuated  anteriorly,  marked  by  five  strong,  spiral  cords 
which  are  almost  equal.  The  spaces  separating  these  cords  are  a  httle 
narrower  than  the  cords  and  are  crossed  by  axial  lines  of  growth. 
Aperture  very  oblique,  ovate;  posterior  angle  obtuse;  outer  lip  very 
much  thickened  by  an  external  varix;  inner  lip  very  stout,  very 
strongly  curved,  reflected  over,  and  appressed  to  the  base;  pari- 
etal wall  covered  with  a  thick  callus  which  renders  the  peritl^eme 
complete. 

The  type  has  4  post-nuclear  whorls  and  measures:  Length  2.4  mm., 
diameter  1.1  mm.  It  and  16  other  specimens  (Cat.  No.  195009, 
U.S.N.M.)  were  dredged  by  the  United  States  Bureau  of  Fisheries 
steamer  Albatross  at  station  2813  in  40  fathoms,  on  coral  sand  bottom, 
bottom  temperature  81^,  off  Galapagos  Islands. 

ALVAinA  IMA,  n«w  spedes. 
Plate  32,  fig.  8. 

Shell  elongate-ovate,  white  excepting  a  broad,  yellow  band  which 
encircles  the  periphery  and  shows  above  the  suture  on  all  the  turns. 
Nuclear  whorls  at  least  two,  smooth.  Post-nuclear  whorls  narrowly, 
slopingly  shouldered  at  the  summit,  marked  by  strong,  protractive, 
axial  ribs,  of  which  14  occur  upon  the  first,  18  upon  the  second,  and 
20  upon  the  penultimate  turn.  In  addition  to  the  axial  ribs,  the 
whorls  are  marked  between  the  sutures  by  three  spiral  cords,  of  which 
the  first — which  is  quite  slender — ^is  at  the  summit;  the  second,  which 
is  very  broad,  being  double  the  width  of  the  next,  is  on  the  middle  of 
the  whorl;  while  the  third,  which  is  a  little  stronger  than  the  first, 
forms  the  posterior  border  of  the  deeply  channeled  sutiffe.  The  space 
separating  the  first  cord  from  the  median  one  is  about  as  wide  as  the 
median  cord,  while  that  which  separates  the  median  from  the  third  is 
equal  to  the  third  cord.  The  intersections  of  the  axial  ribs  and  spiral 
cords  form  tubercles  which  are  small  and  rounded  on  the  first  cord; 
on  the  second  they  are  truncated  posteriorly,  sloping  gently  anteriorly, 
somewhat  flattened  and  enlarged;  on  the  third  they  are  somewhat 
flattened,  truncated  posteriorly  and  gently  rounded  anteriorly.  The 
weak  cord  at  the  summit  and  the  broad  space  inmiediately  below  it 
give  to  the  whorls  a  constricted  appearance  at  this  point.  Periphery 
of  the  last  whorl  marked  by  a  deep  sulcus  across  which  the  axial  ribs 
do  not  extend.  Base  well  roimded,  produced  anteriorly,  marked  by 
five  spiral  cords,  which  grow  successively  weaker  from  the  periphery 
to  the  columella.  Aperture  very  oblique;  posterior  angle  obtuse; 
outer  lip  thin  at  the  edge,  reenf orced  immediately  behind  the  edge  by 
a  strong  varix;  inner  lip  stout,  strongly  curved,  and  reflected  over, 
and  appressed  to  the  base. 

The  type  and  two  other  specimens  (Cat.  No.  213697,  U.S.N.M.) 
were  dredged  by  the  United  States  Bureau  of   Fisheries  steamer 
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ATbatross  at  station  2813  in  40  fathoms,  on  coral  sand  bottom,  bottom 
temperature  81^,  Galapagos  Islands.  The  type  has  4  post-nuclear 
whorls  and  measures:  Length  2  mm.;  diameter  1.2  mm. 

ALVAinA  CLARIONBNSIS,  new  spedet. 

Plate  32,  fig.  4. 

SheU  very  elongate-ovate,  milk  white.  Nuclear  whorls  one  and 
one-third,  well  rounded,  smooth.  Post-nuclear  whorls  strongly, 
concavely  shouldered  at  the  summit  on  aQ  but  the  last  turn,  where 
the  summit  is  roimded.  Beginning  with  the  posterior  termination 
of  the  anterior  fourth  between  the  sutures,  the  shell  slopes  suddenly 
toward  the  suture,  forming  a  strong  angle  at  the  widest  portion  of  each 
whorl.  In  addition  to  the  above,  the  whorls  are  marked  by  strong, 
decidedly  protractive,  axial  ribs  which  are  about  one-fourth  as  wide 
as  the  spaces  that  separate  them.  Of  these  ribs,  14  occur  upon  the 
first,  16  upon  the  second,  18  upon  the  third  and  the  penultimate  turn. 
-In  addition  to  the  axial  sculpture,  the  whorls  are  marked  by  slender, 
spiral  lirations  of  which  the  one  at  the  suprasutural  angle  is  the  strong- 
est, the  rest  being  equal.  Of  these  cords,  only  the  one  marking  the 
suprasutural  angle  is  present  on  the  first  turn,  while  on  the  second  a 
slender  cord  bounds  the  channeled  summit  and  a  few  feeble  lirations 
are  indicated  between  this  and  the  strong  suprasutural  cord;  on  the 
third  turn  five  spiral  Urations  are  apparent  between  the  summit  and 
the  suprasutural  cord.  The  space  between  the  suprasutural  cord, 
and  the  suture  appears  to  be  devoid  of  sculpture  on  the  first  three 
whorls;  on  the  penultimate  whorl  the  supraperipheral  angle  and  the 
shoulder  at  the  summit  are  lost,  and  the  six  spiral  cords  which  appear 
between  the  summit  and  the  periphery  are  about  half  as  wide  as  the 
spaces  that  separate  them,  being  equal  and  equally  spaced  and  much 
stronger  than  on  the  preceding  turn.  Here,  too,  the  first  two  basal 
cords  become  apparent  in  the  suture.  All  the  junctions  of  the  spiral 
cords  and  axial  ribs  are  feebly  tuberculated,  excepting  those  formed 
by  the  suprasutiu-al  cord  and  the  ribs;  these  are  strongly  tuberculated 
on  the  iirst  three  whorls.  On  the  last  whorl  the  spiral  cords  appear 
superimposed  upon  the  axial  ribs.  Suture  decidedly  channeled. 
Periphery  of  the  last  whorl  marked  by  a  broad  sulcus  which  bears 
two  raised,  spiral  threads.  The  first  basal  cord  being  considerably 
more  elevated  than  the  sulcus,  lends  the  anterior  edge  of  the  base  an 
angular  aspect.  Base  decidedly  produced,  weakly  rounded,  marked 
by  eight  equal  and  equally  spaced  spiral  cords,  which  are  about  one- 
third  as  wide  as  the  spaces  that  separate  them.  Aperture  very 
oblique,  effuse  anteriorly;  posterior  angle  obtuse;  outer  lip  thin  at 
the  edge,  reenforced  immediately  behind  the  edge  by  a  very  strong 
varix;  inner  Up  very  stout,  reflected  over  and  appressed  to  the  base; 
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parietal  wall  covered  with  a  thick  calliis  which  renders  the  peristome 
complete. 

The  type  (Cat.  No.  127373,  U.S.N.M.)  was  dredged  by  the  United 
States  Bureau  of  Fisheries  steamer  AlicUross  off  Clarion  Island, 
Mexico,  in  one  of  the  five  hauls — 2991  to  2995,  the  depths  of  which 
ranged  from  31  to  460  fathoms.  It  has  4^  post-nuclear  whorls  and 
measures:  Length  2.9  mm.,  diameter  1.3  mm. 

ALVANIA  LARA,  IMW  spedes. 
Plate  32,  fig.  6. 

Shell  elongate-ovate,  white.  Nuclear  whorls  decollated,  excepting 
the  last  quarter  turn,  which  is  smooth.  Post-nuclear  whorls  shoul- 
dered at  the  summit,  marked  by  lamellar  spiral  keels,  of  which  three 
occur  between  the  sutures  on  the  first  turn.  Of  these,  the  suprasu- 
tural  one  is  decidedly  the  strongest  and  gives  a  very  strongly  pro- 
nounced angle  to  the  whorls.  The  keel  immediately  below  the  summit 
is  next  in  strength,  while  the  one  between  them — ^which  is  nearer  the 
suprasutural  one  than  the  one  at  the  summit — ^is  but  feebly  expressed. 
On  the  second  whorl  an  additional  spiral  cord  makes  its  appearance 
at  the  sunmiit,  while  the  two  anterior  to  it  gain  considerably  in 
strength  and  become  equal;  the  suprasutural  one  remains  strong  and 
an  additional  slender  cord  makes  its  appearance  halfway  between  the 
strong  suprasutural  cord  and  the  suture.  On  the  penultimate  whorl 
the  cord  at  the  summit  has  increased  in  size  to  equal  the  cord  adjacent 
to  it,  and  a  slender  thread  appears  in  the  space  which  separated  the 
second  cord  from  the  third  on  the  preceding  turn.  The  strong  cord 
on  the  preceding  turn  becomes  considerably  enfeebled  and  the  space 
between  this  and  the  suture  is  crossed  by  two  rounded,  slender,  spiral 
cords.  In  addition  to  the  spiral  sculpture,  which  exceeds  the  axial 
sculpture  in  strength,  the  whorls  are  marked  by  rather  strong,  almost 
vertical,  axial  ribs,  of  which  14  occiu*  upon  the  first  and  second,  and 
16  upon  the  penultimate  turn.  The  intersections  of  the  spiral  cords 
and  axial  ribs  form  compressed  tubercles,  having  their  long  axes 
parallel  to  the  spiral  sculpture.  Suture  strongly  channeled.  Periph- 
ery of  the  last  whorl  decidedly  channeled,  the  posterior  edge  of  the 
base  being  suddenly  truncated  at  the  channeled  suture,  which  makes 
the  peripheral  sulcus  appear  as  a  triangular  notch  in  profile.  Base 
moderately  long,  attenuated  anteriorly,  marked  by  eight  spiral  cords, 
the  posterior  of  which  is  the  strongest  and  is  followed  by  three  very 
slender  threads  which  in  turn  are  succeeded  by  two  strong  and  two 
low  feeble  cords.  Aperture  oblique,  oval;  posterior  angle  obtuse; 
outer  Up  thin  at  the  edge,  reenforced  immediately  behind  the  edge 
by  a  strong  varix;  inner  lip  obUque,  stout,  curved  and  somewhat 
reflected  over,  and  appressed  to  the  base;  parietal  wall  covered  by  a 
moderately  thick  callus. 
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The  type  (Cat.  No.  195010,  U.S.N.M.)  was  dredged  by  the  United 
States  Bureau  of  Fisheries  steamer  Albatross  at  station  2813,  in  40 
fathoms,  on  coral  sand  bottom,  bottom  jtemperature  81^,  off  Galapa- 
gos Islands.  It  has  almost  4  post-nuclear  whorls  and  measures: 
Length  2.5  mm.,  diameter  1.3  mm. 

ALVANIA  SFFUSA  Cttpenter. 
Plate  32,  fig.  5. 
Alvania  effusa  Garpsntbr,  Cat.  Maz.  Sheik,  1856,  p.  359. 

Shell  elongate-conic.  Nuclear  whorls  two,  smooth,  well  rounded. 
Post-nuclear  whorls  well  rounded,  marked  by  strongly  developed 
narrow,  almost  vertical,  axial  ribs  of  which  14  occur  upon  the  first, 
16  upon  the  second  to  fourth,  and  22  upon  the  penultimate  tiun. 
In  addition  to  the  axial  ribs,  the  whorls  are  marked  by  spiral  cords, 
of  which  two  appear  upon  the  first  whorl,  dividing  this  into  three 
equal  spaces,  three  upon  the  second,  four  upon  the  third,  five  upon 
the  fourth,  and  seven  upon  the  penultimate  turn,  between  the  sutures. 
The  junctions  of  the  axial  ribs  and  spiral  cords  form  strong  cusps, 
while  the  spaces  inclosed  between  them  are  rectangular  pits,  having 
their  long  axes  parallel  with  the  spiral  sculpture.  Suture  strongly 
channeled.  Periphery  of  the  last  whorl  marked  by  a  spiral  sulcus, 
which  is  about  as  wide  as  the  sulci  occurring  between  the  cords  on 
the  last  turn  of  the  spire.  Base  produced  anteriorly,  moderately 
rounded,  marked  by  the  feeble  continuations  of  the  axial  riblets  and 
five  spiral  cords.  Aperture  oval;  posterior  angle  obtuse;  outer  lip 
rendered  sinuous  by  the  external  sculpture;  inner  lip  strong,  curved, 
slightly  reflected  over,  and  appressed  to  the  base;  parietal  wall  covered 
with  a  thick  callus  which  renders  the  peritreme  complete. 

The  unique  type  of  this  species,  contained  on  Tablet  1710,  Liver- 
poor  Collection,  British  Museum,  was  taken  from  Spondylus  at 
Mazatlan.  It  has  six  post-nuclear  whorls  and  measures:  Length 
2.9  mm.,  diameter  1.5  mm. 

ALVAIOA  AQUISCULPTA  Keep. 
Plate  32,  fig.  7. 

Alvania  sequisculpta  Keep,  Weet  Coaflt  Shells,  1887,  p.  Gb—Risioa  (Alvania) 
grippiana  Dall,  Nautilus,  vol.  21,  No.  12,  1908,  p.  136. 

Shell  very  elongate-conic,  light  yellow.  Nuclear  whorls  two, 
moderately  well  rounded,  marked  by  six  spiral  threads,  which  are 
about  as  wide  as  the  spaces  that  separate  them,  and  numerous 
slender,  closely  spaced,  axial  threads,  which  are  about  one-fourth 
as  strong  as  the  spiral  threads  between  which  they  occur,  giving  the 
entire  surface  a  finely  reticulated  appearance.  Post-nuclear  whorls 
appressed  at  the  summit,  with  a  sloping  shoulder  which  extends 
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over  the  posterior  fourth '  between  the  sutures,  marked  by  strong, 
slightly  retractive,  aspal  ribs  which  are  about  one-fourth  as  wide 
as  the  spaces  that  separate  them.  Of  these  ribs,  14  occur  upon  the 
first,  16  upon  the  second,  and  18  upon  the  penultimate  turn.  In 
addition  to  the  axial  ribs,  the  whorls  are  marked  between  the  sutures 
by  three  strong,  spiral  cords  which  are  almost  as  strong  as  the  ribs 
and  divide  the  spaces  between  the  sutures  into  four  almost  equal 
portions.  The  intersections  of  the  spiral  cords  and  the  axial  ribs 
form  strong  tubercles,  while  the  spaces  inclosed  between  them  are 
well  impressed,  rectangular  pits,  having  their  long  axes  parallel  with 
the  spiral  sculpture.  Sutirre  strongly  constricted.  Periphery  of  the 
last  whorl  marked  by  a  spiral  sulcus  equal  to  that  which  separates  the 
supraperipheral  spiral  cord  from  its  posterior  neighbor  and,  like  it, 
is  crossed  by  the  continuations  of  the  axial  ribs,  which  extend  over 
the  first  two  basal  spiral  cords  and  render  them  tuberculate.  Base 
well  rounded,  rather  short,  produced  anteriorly,  marked  by  three 
strong,  sublamellar,  spiral  cords  which  are  about  one-third  as  wide 
as  the  spaces  that  separate  them.  Aperture  very  oblique,  twisted, 
ovate;  posterior  angle  obtuse;  outer  Up  thickened  at  the  edge  within 
the  lip,  reenf  orced  behind  the  edge  by  a  strong  varix,  inner  lip  very 
stout,  strongly  curved,  and  appressed  to  the  base;  parietal  wall 
covered  with  a  very  thick  callus,  wBdch  renders  the  peritreme  com- 
plete. 

Professor  Keep's  cotypes  were  collected  on  mossy  cocks  at  low  tide 
at  San  Diego,  California.  One  of  these,  the  specimen  figured,  is 
Cat.  No.  219564,  U.S.N.M.  This  has  4  post-nuclear  whorls  and 
measures:   Length  3.2  mm.,  diameter  1.8  mm. 

Specimens  examined. 


Catalogue  No. 


Locality. 


Number 
of  speci- 
mens. 


sffisa... 

23749.. 
126624., 
£6360.. 
153073. 
213696. 


46171. 
46172. 
56353. 


Catalixia  Island.  California 

Santa  Barba  Island.  OeiUfomla 

San  Pedxx),  California 

San  Diego,  California 

San  Diego  Bay,  California  (drift) 

United  States  Bureau  of  Fisheries  station  2932.  Los  Coronados  Island, 

California  (20  fathoms,  58**,  gray  sand  and  broken  shell) 

Todoe  Santos  Bay,  Lower  CallJomia 

do 

....do 


1 

1 

4 

20 

1 

4 

42 
4 
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ALVANIA  ALMO,  new  gpeciefl. 
Plate  32,  fig.  1. 


Shell  minute,  broadly  ovate,  yellowish  white.  Nuclear  whorls  one 
and  one-half,  well  rounded,  smooth.  Post-nuclear  whorls  somewhat 
inflated,  slopingly  shouldered  at  the  summit,  marked  by  very  slender, 
almost  vertical,  axial  ribs,  of  which  18  occur  upon  the  first,  and  20 
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upon  the  penultimate  turn.  In  addition  to  the  axial  sculpture^  the 
whorls  are  marked  between  the  sutures  by  two  spiral  cords  equaling 
the  ribs  in  strength.  Of  these,  the  first  is  a  little  posterior  to  the 
middle  of  the  whorls,  bounding  the  sloping  shoulder,  while  the  second 
is  halfway  between  it  and  the  suture.  The  intersections  of  the  axial 
ribs  and  spiral  cords  form  slender  tubercles,  while  the  spaces  inclosed 
between  them  are  well  impressed,  squarish  pits.  The  spaces  inclosed 
between  the  first  spiral  cord  and  the  summit  and  the  axial  ribs  are 
rhomboidal  areas,  having  their  long  axes  parallel  to  the  axial  sculp- 
ture, while  the  spaces  inclosed  between  the  second  spiral  cord  and 
the  axial  ribs  and  the  suture  are  squarish  pits.  Suture  moderately 
constricted.  Periphery  of  the  last  whorl  marked  by  a  spiral  sulcus, 
which  is  crossed  by  the  continuations  of  the  axial  ribs.  Base  nar- 
rowly umbilicated — the  umbilical  chink  being  bounded  by  a  tumid 
area — moderately  long,  well  rounded,  slightly  produced  anteriorly, 
marked  on  the  posterior  half  by  two  spiral  cords  equaling  those 
between  the  sutures.  Aperture  almost  circular;  outer  Up  very  thick 
all  around,  reenforced  by  a  strong  varix;  inner  lip  very  stout,  partly 
reflected  over,  and  appressed  to  the  base;  parietal  wall  covered  with 
a  very  thick  callus  which  renders  the  perifreme  complete. 

The  type  (Cat.  No.  23749a,  y.S.N.M.)  comes  from  Santa  Barbara 
Island,  California.    It  has  three  post-nuclear  whorls  and  measures: 

Liength  1.5  mm.,  diameter  1  mm. 

*■ 

ALVANIA  OLDROTDiB,  new  ^pedet. 
Plate  32,  fig.  3. 

Shell  minute,  broadly  ovate,  yellowish  white.  Nuclear  whorls 
one  and  one-half,  well  rounded,  smooth.  Post-nuclear  whorls  inflated, 
weakly  shouldered  on  the  posterior  fourth  between  the  sutures, 
marked  by  numerous  slender  rather  closely  spaced  well  rounded 
slightly  protractive  axial  ribs,  of  which  20  occur  upon  the  first,  24 
upon  the  second,  and  28  upon  the  penultimate  whorl.  In  addition 
to  the  axial  sculpture,  the  whorls  are  marked  by  slender  spiral 
threads  which  are  almost  equal  to  the  axial  ribs.  Of  these  threads, 
three  occur  upon  the  first  and  second  whorl,  dividing  the  space 
between  the  sutures  into  four  almost  equal  portions,  the  space  at 
the  summit  being  aUttle  wider  than  the  rest;  the  first  spiral  thread 
marks  the  termination  of  the  sloping  shoulder.  On  the  penultimate 
whorl  an  additional  spiral  cord  makes  its  appearance  in  the  space 
immediately  below  the  summit,  a  little  nearer  to  the  summit  than  the 
first  spiral  cord  on  the  previous  whorl.  The  intersections  of  the 
axial  ribs  and  the  spiral  cords  form  slender  rounded  tubercles. 
The  spaces  inclosed  between  the  three  cords  on  the  early  whorls 
and  the  same  on  the  last  turn  are  squarish  pits,  while  the  spaces 
between  the  summit  and  the  first  spiral  cord  and  the  axial  ribs  on 
the  first  two  turns  are  rectangular  pits,  having  their  long  axes  parallel 
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with  the  axial  sculpture.  On  the  last  whorl  an  additional  spiral 
cord  renders  the  pits  between  this  cord  and  the  next  spiral  cord  and 
the  axial  ribs  also  squarish.  Suture  strongly  constricted.  Periph- 
ery of  the  last  whorl  marked  by  a  sulcus  as  wide  as  that  separating 
the  suprasutural  cord  from  the  one  adjacent  to  it  anteriorly.  Base 
well  rounded,  strongly  umbilicated,  marked  by  four  equal  and 
almost  equally  spaced  spiral  cords,  which  are  as  strong  as  those 
occurring  between  the  sutures  and  the  feeble  continuations  of  the 
axial  ribs.  Aperture  subcircular;  outer  lip  thickened  all  around  by 
a  very  thick  varix;  inner  Up  stout,  decidedly  curved,  somewhat 
reflected  over  and  appressed  to  the  base;  parietal  wall  covered  with 
a  very  thick  callus,  which  renders  the  peritreme  complete. 

The  type  and  another  specimen  (Cat.  No.  213699,  U.S.N.M.) 
come  from  San  Pedro,  Califomia.  The  type  has  three  post-nuclear 
whorls,  and  measures:  Length  1.6  mm.,  diameter  1.05  mm.  Cat. 
No.  152193a,  U.S.N.M.,  contains  one  specimen  from  Sari  Pedro, 
Califomia;  and  Cat.  No.  226454,  U.S.N.M.,  two  from  3  fathoms,  off 
South  Coronado  Island.  Ten  more  from  the  same  locality  are  in 
Doctor  Baker's  collection. 

Named  for  Mrs.  T.  S.  Oldroyd. 

ALVAIOA  TUMmx  Cttpenter. 
Plate  32,  fig.  2. 
Alvania  tumida  Oarpentbb,  Oat.  Maz.  Shells,  1856,  p.  360. 
Shell  minute,  subglobose,  chestnut  brown  excepting  the  .columella 
aad  the  edge  of  the  outer  lip,  which  are  light  yellow.  Nuclear  whorls 
one  and  one-third,  well  rounded,  very  minutely  papillose.  Post- 
nuclear  whorls  inflated,  slopingly  shouldered  at  the  summit,  well 
rounded,  ornamented  with  slender,  almost  vertical,  axial  riblets,  of 
which  24  occur  upon  the  first  and  30  upon  the  penultimate  turn. 
In  addition  to  the  axial  riblets,.  the  whorls  are  marked  by  four  spiral 
cords,  of  which  the  first,  which  is  at  the  summit,  is  very  feeble;  the 
remaining  three,  which  equal  the  axial  ribs  in  strength,  divide  the 
space  between  the  sutures  into  four  equal  parts.  The  spaces  inclosed 
between  the  axial  riblets  and  the  spiral  cords  are  squarish  pits,  while 
their  junctions  are  very  feebly,  roimdly  tuberculate.  Suture  moder- 
ately constricted.  Periphery  of  the  last  whorl  marked  by  a  slender 
spiral  thread,  equaling  those  between  the  sutiures  in  strength.  The 
space  between  it  and  the  suprasutural  cord  is  crossed  by  the  con- 
tinuations of  the  axial  riblets.  Base  narrowly  umbilicated,  well 
rounded,  slightly  inflated,  marked  by  two  spiral  cords  which  equal 
the  peripheral  one.  The  spaces  between  the  cords  are  about  four 
times  as  wide  as  the  cords  and  are  crossed  by  the  continuations  of  the 
axial  riblets.  The  umbilical  chink  is  bordered  by  a  narrow  tumid 
area.  Aperture  subcircular;  outer  lip  thick  at  the  edge,  reenforced 
by  a  varix;  inner  lip  decidedly  curved,  somewhat  reflected  over,  and 
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appressed  to  the  base;  parietal  wall  covered  with  a  thick  callus, 
which  renders  the  peritreme  complete. 

The  specimen  described  and  figured  (Cat.  No.  16206,  U.S.N.M.) 
comes  from  Cape  San  Lucas,  Lower  CaUf omia.  It  has  2}  post-nuclear 
whorls,  and  measures:  Length  1.2  mm.,  diameter  0.7  mm.  The  type 
and  another  specimen  are  on  Tablet  1711,  Liverpool  Collection, 
British  Museum.    They  wece  taken  off  Spondylus,  Mazatlan. 

EXPLANATION  OF  PLATES. 
PlATX  29. 

Fig.  1.  Alvania,  cMtandla  Dall;  Type;  length  2.4  mm.;  p.  336. 

2.  Alvania  hakeri  Bartsch;  Type;  length  1.4  mm.;  p.  337. 

3.  Alvania  lirata  Carpenter;  length  2.8  mm.;  p.  338. 

4.  Alvania  pedroana  Bartsch;  Type;  length  2.2  mm.;  p.  341. 

5.  Alvania  aurivUlii  Dall;  Type;  length  4.2  mm.;  p.  336. 

6.  Alvania  aXbolirata  Carpenter;  Type;  length  3  mm.;  p.  338. 

7.  Ailvania  troMsma  Bartach;  Type;  length  3.3  mm.;  p.  339. 

8.  Alvania  carpenteri  Weinkauff;  Type;  length  2  mm.;  p.  341. 

9.  Alvania  cali/omica  Bartsch;  Type;  length  2.5  mm.;  p.  340. 

Plate  30. 

Fig.  1.  Alvaniq  ala$hma  Dall;  Type;  length  2.9  mm.;  p.  343. 

2.  Alvania  mcntereyenns  Bartsch;  Type;  length  2.3  mm.;  p.  343. 

3.  Alvania  hoodensis  B^itBch;  Type;  length  2.5  mm.;  p.  345. 

4.  Alvania  electrina  Carpenter;  Type;  length  2.7  mm.;  p.  346. 

5.  Alvania  profundicola  Bartsch;  Type;  length  3.2  mm.;  p.  345. 

6.  Ahania  excurvata  Carpenter;  Type;  length  2.8  nmi.;  p.  344. 

Alter  a  camera  lucidiL  sketch  by  Doctor  Carpenter. 

7.  ^2vania^2(Ma  Carpenter;  Type;  length  3.5  mm.;  p.  342. 

8.  Alvania  nemo  Bartsch;  Type;  length  2.6  mm.;  p.  348. 

9.  Alvania  galapagensis  Bartsch;  Type;  length  3.3  mm.;  p.  347. 

Platb  31. 

Fig.  1.  Alvania  purpurea  Dall;  length  2.6  mm.;  p.  353. 

2.  Alvania  iliulivJtensis  Bartsch;  Type;  length  3  mm.;  p.  350. 

3.  Alvania  acutilirata  Carpenter;  Type;  length  2.3  mm.;  p.  352. 

4.  Alvania  cotmia  Bartsch;  Type;  lenglli  2.2  mm.;  p.  352. 

5.  Alvania  halia  Bartsch;  Type;  length  2.4  nmi.;  p.  354. 

6.  Alvanis  rotana  Bartsch;  Type;  length  2.6  mm.;  p.  349. 

7.  Alvania  compacta  Carpenter;  Type;  length  3  mm.;  p.  351. 

8.  Alvania fomlis  Bartsch;  Type;  length  2  mm.;  p.  349. 

Plate  32. 

Fig.  1.  Alvania  almo  Bartach;  Type;. length  1.5  mm.;  p.  359. 

2.  Alvania  tumida  Carpenter;  length  1.2  mm.;  p.  361. 

3.  Alvania  oldroydx  Bartsch;  Type;  length  1.6  mm.;  p.  360. 

4.  Alvania  clarioTiensis  Bartsch;  Type;  length  2.9  mm.;  p.  356. 

5.  Alvania  effusa  Carpenter;  Type;  length  2.9  mm.;  p.  358. 

After  a  camera  lucida  sketch  by  Doctor  Carpenter. 

6.  Alvania  lata  Bartsch;  Type;  length  2.5  mm.;  p.  357. 

7.  Alvania  ssquisculpta  Keep;  Type;  length  3.2  mm.;  p.  358. 

8.  Alvania  ima  Bartsch;  Type;  length  2  mm.;  p.  355. 
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West  American  Alvania. 

For  explanation  of  plate  see  page  362. 


Digitized  by 


Google        — 


Digiti 


zed  by  Google 


U.  S.  NATIONAL  MUSEUM 


PROCEEDINGS    VOL.  41     PL.  30 


West  American  Alvania. 

For  explanation  of  plate  see  page  362. 
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West  American  Alvania. 

FOft  EXPLANATION  OF  PLATE  SEE  PAOE  362. 
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West  American  Alvania. 

For  explanation  of  plate  see  paoe  362. 
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TWO  NEW  SPECIES  OF  PARASITIC  NEMATODES. 


By  Bbatton  Howakd  Ransom, 

AjUMUxnt  Oiutodian,  Helmmthologieal  Collections,  United  States  Natiandl  Muaeum, 


Since  Looss  (1905)  established  the  genus  Trichostrongylua  to  in- 
clude the  species  T.  retortsrformis  (type),  T,  instahUia,  T.  vitrinus,  and 
T.  prololurus,  several  other  species  have  been  added  from  time  to 
time  by  various  authors.  Including  the  two  species  described  in  the 
present  paper,  the  complete  list,  with  hosts  and  geographic  distribu- 
tion, is  as  follows: 

r.  retortarformis  (Zeder,  1800)  Looss,  1906;  rabbits;  Europe. 

T.  instahilis  (Railliet,  1893)  Looss,  1905;  man,  baboon,  ruminants; 
Africa,  Europe,  Japan,  United  States,  (?)  India.  (This  and  the  next 
following  species  are  perhaps  identical.) 

T.  colubriformis  (Giles,  1892)  Ransom,  1911;  sheep;  India. 

T.  vUrinus  Looss,  1905;  man,  ruminants;  Europe,  Africa,  United 
States. 

T.  probolurus  (Railliet,  1896)  Looss,  1905;  man,  ruminants;  Africa, 
Europe,  United  States. 

T.  extenuatus  (Railliet,  1898)  Ransom,  1907;  ruminants;  Europe, 
United  States,  Australia. 

T,  capricola  Ransom,  1907;  ruminants;  United  States. 

T.  axd  (Cobbold,  1879)  Railliet  and  Henry,  1909;  horee,  aas; 
Europe. 

T.^alcvlatus  Ransom,  1911 ;  goat;  Portuguese  East  Africa. 

r.  calcaratus  Ransom,,  1911 ;  rabbit;  United  States. 

T.  perffradlis  (Cobbold,  1873)  Shipley,  1908;  grouse;  Europe. 

T.  tenuis  (Eberth,  1861)  RaiUiet  and  Heniy,  1909;  geese;  Europe. 

SiT<mgylu8  quadnradiainia  Stevenson,  1904,  and  Strongylua  nodvlaris 
Rudolphi,  1809,  which  Shipley  (1909)  has  placed  in  TricTiosircmgyhia, 
are  widely  different  from  the  type  and  should  be  excluded  from  this 
genus. 

Proceedings  U.  S.  National  Museum,  Vol.  41,  No.  1864. 
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Family  STRONGYLIDiE  Cobbold,  1864. 


Subfamily  TRICHO  STRONG- Yt.IN'.ffl:   Xieiper,  1908. 

Genus  TRICHOSTRONGYLUS  Looss,  190B. 

For  generic  diagnosis,  see  Looss  (1905)  or  Ransom  (1911,  p.  86). 

TRICHOSTRONOTLUS  PALCULATUS,  new  tpedei. 

Spedjic  diagnosia, — Trichostrongylus:  Male  4.6  mm.  long  by  80  /i  in 
maximum  thickness  (at  base  of  bursa).    Latero-ventral  (Z.  v.,  fig.  1) 

and  extemo-lateral  rays  {e.  I.,  fig.  1) 
of  bursa  about  equal  in  width,  wider 
than  any  of  the  other  rays.  Medio- 
lateral  ray  (m.  I.,  fig.  1)  about  two- 
thirds  the  width  of  the  latero-ventral 
or  the  extemo-lateral  ray.  Postero- 
lateral ray  (p.  Z.,  fig.  1)  slightly  nar- 
rower than  the  medio-lateral  ray, 
curves  dorsally  in  its  distal  portion 
away  from  the  latter.  Extemo-dor- 
sal  {e,  (?.,  fig.  1)  and  ventre- ventral 
(v.  v.,  fig.  1)  rays  narrower  than  any 
of  the  other  paired  rays.  Ventro- 
ventral  ray  straight.  Externo-dor- 
sal  ray  curved  dorsally  in  its  distal 
portion,  its 
tip  a  consider- 
able distance 
from  tlie  mid- 


lOO/x. 


Fio.  1.— Tbichostrongylusfalculatus. 
Bursa  op  male  viewed  tbom  right  side. 
d.r.y  DORSAL  rat;  e.  d.,  extbrno-dorsal 

ray;  e.  I.,  BXTERNO-LATERAL  RAY;  Z.  V., 
LATERO-VENTRAL  RAY;  m.l.f  MEDIO-LATERAL 
ray;  P<  /.,  rOSTERO-LATBRAL  RAT;  V,  V., 
VENTRO-VENTRAL  RAT. 


die  of  the  dor- 
sal ray,  but 
nearer  to  the 
latter  than  to 
the  tip  of  the 
postero-lateral  ray.  Dorsal  ray  (d.  r.,  fig.  1) 
bifurcated  distally,  each  branch  having  a  bi- 
partite tip.  Spicules  (fig.  2)  similar  in  shape 
and  size,  100  /£  long,  brown  in  color.  An  an- 
gular projection  from  the  ventral  side  of  each 
spicule  about  60  /£  from  the  anterior  end.  The 
terminal  portion  thus  marked  off  tapers  gradually  to  a  point,  and  is 
slightly  curved  ventralward,  so  that  it  forms  a  falciform  process  40  pi 
long.  Gubemaculum  (fig;  2)  similar  in  color  to  the  spicules,  bent 
almost  at  a  right  angle,  with  the  convexity  dorsal;  distance  be- 
tween the  anterior  and  posterior  ends,  50  //. 


I00;a. 

FlO.  2.— TRICH08TRONOTLU8 
FALCULATUS.  SHCULS  AKD 
OXTBEBNACULUlf  VIEWED  fBOM 

BiosraiDB. 
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Female. — ^Unknown. 

Host. — Goat  (Capra  hircus). 

Location. — ^Alimentary  tract. 

Locality  collected. — ^Peeene,  South  Africa. 

Typespecimens. — ^Bureau  of  Animal  Industry  Helminthological  col- 
lection. Cat.  No.  15980,  U.S.N J^I.,  collected  August  9, 1908,  by  C.  W. 
Howard. 

About  a  dozen  specimens  of  males  of  this  species  were  present 
among  some  nematodes  labeled  as  collected  from  a  goat  which  had 
been  sent  by  Mr.  Howard  to  the  Bureau  of  Animal  Industry,  United 
States  Department  of  Agriculture,  for  identification.  A  careful 
search  was  made  for  females,  but 
none  could  be  found.  The  other 
nematodes  were  Trichostrongy- 
lu8  instoMlis,  Oesophagostomum 
columhianum,  Haemonchus  con- 
tortus,  Strongyloides  papiUosus, 
Gaigeria  pachyscdis,  and  Buno- 
stomum  trigonocephalum. 

The  other  known  species  of 
IHchostrongylus  occurring  in 
ruminants  are  T.  colvhriformis, 
T.  instahilis  (possibly  identical 
with  the  preceding),  T.vitrinuSj 
T.  probolurus,  T,  extenuaius, 
and  T,  capricola.  T.  falcylaius 
is  readily  distinguished  from  all 
of  these  except  T,  extermatus  by 
the  small  size  of  the  spicules,  T. 
falculatus  and  T.  extenuatus  be- 
ing the  only  species  having  spi- 
cules less  than  125  /£  in  length. 
Apart  from  differences  which 
they  present  in  the  shape  of  the 
spicules,  these  two  species  are 
distinctly  different  however  in 
that  the  spicules  of  T.  falculatus  are  equal  in  size;  whereas  the  spi- 
cules of  T.  extenuatus  are  unequal,  the  left  spicule  being  considerably 
longer  than  the  riglit.  The  shape  of  the  gubemaculum  of  T.  falcu- 
latus is  another  feature  marking  this  species,  as  none  of  the  other 
species  has  a  gubemaculum  bent  in  the  same  manner. 

TRICH06TRONOTLX7S  CiXCARATUS*  atw  w§9dM. 

Specific  diagnosis. — TricJtostrongylus:  Mahj  4.7  to  6.6  mm.  long. 
Maximum  thickness  100  to  130  fi  (at  base  of  bursa).    Lateral  lobes  of 


//?, 


Up- 


FiQ.  3.— Tbichostbonotlvs  calcabatus.    Bvbsa 

or  MALE  VIEWXD  mOM  LKFT  SIDE.  i.  T.,  DOB8AL 
KAT;  e.  d.,  BXTERNO-DOESAL  RAY;  t.  I.,  EXTXBNO- 
LATERAL  RAT;  ffub.,  PORTION  OF  GUBERNACULUM; 
I.  9p.,  PORTION  or   LEFT  SHCULE;   L  V.,    LATXRO- 

vxNTRAL ray;  m.l., medio-lateralrat;  p.l.,  pos- 

TERO-LATXRAL  RAT;  V.  V.,  VENTRO-VXNTEAL  RAT. 
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bursa,  in  preserved  specimens,  tightly  curled  inward  so  that  it  is 

impossible  to  spread  the  bursa 
out  flat.  Latero-ventral  (Z.  v., 
fig.  3)  and  extemo-Iateral  (e.  Z., 
fig.  3)  rays  closely  approxi- 
mated to  one  another,  about 
equal  in  thickness,  the  former 
slightly  the  thicker,  each  much 
thicker  than  the  other  rays.  Ex- 
terno-dorsal  ray  (e.  d.,  figs.3,  4) 
long,  curving  dorsalward  in  its 
distal  portion;  proximally  it  is 
thick,  distally  very  slender. 
Ventro-ventral  ray  (v.  v.,  fig.  3) 
slender,  of  about  the  same  thick- 
ness as  the  distal  portion  of  the 
extemo-dorsal  ray.  Postero- 
lateral (p.  Z.,  figs.  3,4)  and  medio- 
lateral    (m.  Z.,  fig.  3)   rays    of 


lOO/U. 

FlO.  4.— TSICH08TE0N0TLU8   CALCASATV8.     POBTIOIT 
OF  BXTB&i.  SBOWDfO  ORIGIN  OF  DOBSAL  BAT.     d.  T., 

dobsalbat;  «.  d.,  bxtebno-dobsalbat;  p.  z.,poB-   about  equal  thickness,  the  lat- 

TIOK  OF  FOWEBO.LAT.BAL  BAT.  ^^^  ^^^^^  ^^  ^j^^^^.^  j^  ^^ 

half  as  thick  as  the  extemo-Iateral  ray,  closely  approximated  except 
at  their  tips,  where  they  diverge 
slightly,  the  postero-lateral  ray  dor- 
salward and  the  medio-lateral  ray 
ventralward.  Medio-lateral  ray 
closely  approximated  to  the  latero- 
ventral  ray.  Dorsal  ray  ((Z.r.,figs. 
3,  4)  unites  at  its  base  with  the 
base  of  the  right  extemo-dorsal 
ray;  bifurcated  distally.  The  dor- 
sal lobe  of  the  bursa  is  not  distinct 
from  the  lateral  lobes,  and  is  deeply 
emarginate  between  th^  distal 
branches  of  the  dorsal  ray  (fig.  4). 
Distal  branches  of  the  dorsal  ray 
are  very  slender,  with  simple  un- 
branched  tips.  Spicules  (fig.  5)  175 
to  190  pL  long,  nearly  equal  in 
length  but  somewhat  different  in 
shape,  dark  brown  in  color,  slightly 
curved  ventralward  with  truncate 
tips  and  without  the  ventral  an- 
gular projection  typical  of  Trichxh 
gtrongylus.   Tip  of  left  spicule  with 


100/1. 

FlO.  5.— T  B I C  H  O  8  T  B  O  K  O  T  L  U  8  CALCABATT78. 
SnCULES  AND  QUBEBNACULX7M.  gvb.^  0X7BSB- 
NACULUM;  /.  tp.,  LKFT  8FICULX;  r.  «p.,  BIOBT 
8FICULE. 


a  large  beaklike  process  or  spur  projecting  ventrally,  and  a  small 
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spur  projecting  dorsally.  Anterior  of  the  ventral  beak  a  small  hook, 
and  in  front  of  the  latter  a  series  of  two  or  three  small  projections,  the 
ventral  surface  of  the  distal  portion  of  the  spicules  for  a  distance  of 
about  50  pt,  thus  having  a  hooked,  barbed,  and  roughened  appearance. 
The  ventral  surface  of  the  right  spicule  ^is 
smooth.  Tip  of  the  right  spicule  smaller  than 
that  of  the  left,  with  a  small  flattened  capUke 
enlargement  projecting  dorsally  and  ventrally 
as  very  small  pointed  processes,  and  laterally 
as  a  very  small  ridge.  Gubemaculum  (fig.  6) 
about  100  //  X  35  /£  in  length  and  breadth  re- 
spectively, similar,  in  color  to 
thespicules,  with  an  oval  body 
and  a  short  pointed  process 
posteriorly  and  a  longer  proc- 
ess anteriorly. 

Female,  5.8  to  7  nmi.  long 
by  90  to  120  //  in  diameter  at 
the  vulva.  Anus  65  to  90  jj. 
from  the  tip  of  the  tail.  Pos- 
terior end  of  the  body  (fig.  6) 
is  commonly  rather  abruptly 
though  slightly  diminished 
in  size  a  short  distance  in 
front  of  the  anus,  then  tapers 
gradually  to  the  tip  of  the 
tail,  or  beginning  some  dis- 
tance in  front  of  the  anus 
may  taper  gradually  to  the  tip.    Tail  straight. 

Vulva  (fig.  7)  850  /£  to  1  mm.  from  the  tip  of  the 
tail,  elongated  diagonally,  50  to  60  /i  long  with  in- 
conspicuous lips.  Combined  length  of  muscular  por- 
tions of  the  ovijectors  450  to  560  /i.  Eggs  60  to  70  ft 
long  by  30  to  36  jjl  wide,  in  8  to  32  celled  stage 
when  deposited. 

Host. — Rabbit  (Lepus  s^yhxOicus). 
Location. — Small  intestine. 
Locality  collected. — Bowie,  Maryland. 
Type-specimens. — Bureau  of  Animal  Industry  Hel- 
minthological  collection,  Cat.  No.  15968,  U.S.N.M., 
collected  May  31, 1911. 

This  nematode  has  been  found  almost  constantly 
present  in  wild  rabbits  in  the  vicinity  of  Bowie, 
Maryland.  The  only  other  known  species  parasitic  in  rabbits  with 
which  it  is  likely  to  be  confused  is  Trichostrongylus  retortseformis, 
and  from  this  it  may  readily  be  distinguished  by  the  wide  differences 
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FlO.  6.— T  B I C  H  O  8  T  B  ONGTLUS 
CALCABATUS.  POSTBBIOS 
XND  OF  BODT  OF  niCALB 
TTEWBD  TBOlf  LETT  8IDX. 


lOO/Ji. 


Fio.  7.— Tbichostbon- 

Q'tLVB  CALCAR4TU8. 
RXOION  OF  YXTLVA  OF 
FXlLiUB  YnirXD  FBOX 
BIGHT  BIDS. 
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in  the  bursa  and  spicules  of  the  male,  and  by  the  size  of  the  ^ge 
and  position  of  the  vulva  of  the  female,  the  eggs  of  T.  retortsrformia 
measuring  above  75  /c  in  length;  and  the  vtdva  being  from  1.75  to  2 
mm.  from  the  tip  of  the  tail. 

It  is  perhaps  questionable  whether  T.  cdlearatus  should  be  included 
in  the  genus  Trichostrongylus  in  view  of  the  rather  aberrant  characters 
of  the  dorsal  ray  of  the  bursa,  and  of  the  spicules.  The  asymmetrical 
origin  of  the  dorsal  ray  and  the  termination  of  its  branches  in  undi- 
vided tips  are  atypical,  as  also  is  the  shape  of  the  distal  portion  of 
the  spicules.  For  the  present,  however,  it  seems  better  to  look  upon 
this  nematode  as  an  aberrant  species  of  Trichostnmgylus  rather  than 
as  the  single  representative  of  a  separate  closely  related  genus. 
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THE  AMERICAN  SPECIES  OF  SPHYRADIUM  WITH  AN  IN- 
QXHRY  AS  TO  THEIR  GENERIC  RELATIONSHIPS. 


By  G.  Dallas  Hanna, 

Of  the  United  States  Bureau  of  Fisheries,  Washington,  D.  C, 


Land  snails  belonging  to  the  genus  Sphyradium  are  found  in  those 
parts  of  Europe,  Asia,  and  North  America  generally  designated 
as  Holarctic.  One  species  extends  into  the  Neotropical  realm,  and 
two  forms  which,  by  the  shell,  apparently  belong  to  the  genus,  are 
found  in  the  Hawaiian  Islands. 

As  the  shell  is  distinctly  Pupillid  in  character  the  group  was  orig- 
inally included  in  the  family  PupiUidse  (or  Pupidae),  but  when  the 
jaw  and  radula  became  such  factors  in  the  classification  of  the  land 
snails,  the  genus  was  removed  from  this  family  and  of  late  years 
it  has  been  placed  along  with  Punctum  in  a  subfamily  of  the  Endo- 
dontidsD,  one  of  the  divisions  of  the  Aulacopoda. 

Some  live  animals  of  Sphyradium  edentuLum  ( VerUgo  simplex  Gould, 
of  Binney  and  others),  were  recently  received  from  Caribou,  Maine, 
collected  by  Mr.  O.  O.  Nylander.  A  study  of  this  material  in  con- 
siderable detail  has  revealed  the  fact  that  the  form,  by  lacking  pedal 
grooves,  does  not  belong  to  the  Aulacopoda  and  all  the  other  anatom- 
ical characters  other  than  those  of  the  jaw  and  radula  show  that 
it  is  closely  allied  to  the  genus  Vertigo  of  the  fanuly  Pupilhd». 

The  genus  was  removed  from  the  Pupillid»  by  Sterki  *  upon  the 
structure  of  the  radula.  The  jaw  is  by  Sterki  stated  to  be  composed 
of  numerous  separate  plates  loosely  joined  together  in  a  arcuated 
series.  This  is  the  condition  of  the  jaw  in  Punctum  and  for  this 
reason  the  two  genera  have  been  placed  together  in  the  Endodontidro. 
According  to  Lehman,'  however,  the  jaw  is  constructed  of  a  single 
piece  and  the  radula  is  but  slightly  different  from  what  is  found  in 
Verdgoy  12 — 1 — 12,  teeth  in  a  transverse  row.  Different  investi- 
gators seem  to  have  obtained  different  results  in  their  work  on  these 

1  sterki,  Nautilus,  yol.  10, 1806,  p.  75. 

s  Lehman,  Lebenden  Schnecken  und  Muacheln  der  uxngegend  Stettliu  und  In  Pommem,  1873,  p.  142, 
pi.  14,  fig.  49. 
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organs.^  When  the  rest  of  the  anatomy  is  considered,  however,  it 
is  seen  that  the  genus  can  not  belong  to  other  than  the  Pupillidse 
and  in  this  family  it  is  closely  related  to  Vertigo. 

Genus  SPHYRADIUM  Charpentier. 

Shell  brown,  translucent,  cylindrical  or  subcorneal.  Spire  elevated 
and  apex  obtusely  pointed.  Axis  minutely  perforate.  Aperture 
basal,  semi-circular  and  without  teeth.  Peristome  thin  and  acute, 
its  plane  radial  from  the  axis,  not  reflected  or  thickened  within  with 
callus.     No  indentation  in  the  upper  palatal  wall. 

Animal  without  a  lower  pair  of  tentacles  and  foot  without  pedal 
grooves. 

Kidney  lying  parallel  to  the  rectum  and  with  the  urethra  leading 
direct  from  the  anterior  end  to  the  mantle  margin.  The  granular 
matter  of  the  kidney  is  not  arranged  in  a  series  of  longitudinal  fila- 
ments as  in  most  of  the  other  PupilUdeB. 

Penis  with  the  vas  deferens  attached  at  the  apex;  flagella  absent. 
Hermaphroditic  gland  composed  of  a  single  mass  of  granules.  No 
demarcation  between  the  oviduct  and  vagina. 

The  genus  is  closely  related  to  Vertigo,  from  which  it  differs  in 
having  no  teeth  in  the  aperture  of  the  shell,  and  the  peristome  thin 
and  without  a  callus  deposit.  Also  the  surface  of  the  foot  is  cov- 
ered with  a  network  of  incised  lines  which  are  not  foimd  in  any 
of  the  species  of  Vertigo  examined  by  the  writer.  It  is  allied  to  this 
genus  by  the  animal  lacking  a  lower  pair  of  tentacles  and  by  the 
vas  deferens  being  attached  to  the  apex  of  the  penis,  not  down  on 
its  side  as  in  Bifdaria  or  Pupoides. 

In  America  there  are  three  species  <tf  Sphyradium.  One  of  these  has 
thus  far  been  foimd  only  as  a  fossil  and  another  is  almost  extinct. 

Key  to  the  American  species. 

a.  Shell  more  than  5  mm.  in  height haHa. 

a  ^  Shell  lass  than  3.50  mm.  in  height. 

6.  Shell  long  and  slender;  whorls  seven  to  eight altioolum. 

b  ^  Shell  shorter  and  more  conical;  whorls  five  to  six edentuhim, 

SPHYRADIUM  HASTA,  new  ipaciet. 

Shell  more  than  5  mm.  in  height,  long  and  cylindrical.  Light 
brown  in  color  and  glossy.  Spire  greatly  elevated  but  obtusely 
pointed  on  the  apex.  Whorls  8^  to  9,  rather  flattened  on  the  face 
and  the  last  subangulated  around   the  periphery.    The  last  six 

1 NOTK  BT  WnuAM  H.  Dall.— Mr.  Olaf  0.  Nylander  of  Carlboa,  Maine,  havtng  kindly  ftimlahed  some 
fresh  material,  with  the  help  of  Mlae  Mary  Breen  the  jaw  and  radola  of  8,  edenttdum  from  that  locality 
were  laolated,  and  prove  the  correctneaB  of  Doctor  Sterkl's  observations.  The  jaw  Is  narrow  antero- 
poBterlally,  arcuate,  and  composed  of  about  16  rhomboldal  overlapping  plates.  A  high  magnification  Is 
required  to  bring  out  these  features.  The  cusps  of  the  teeth  on  the  mature  part  of  the  radula  were 
bliwkliih  Initead  of  horn  color,  which  la  very  unusual  in  the  Pulxnonata. 


Digitized  by 


Google 


NO.  1865. 


AMERICAN  8PECIE8  OP  SPHYRADIUM'-HANNA. 


373 


whorls  are  of  about  equal  diameter;  the  first  three  increase  rapidly. 
Lines  of  growth  faint  and  oblique;  apex  smooth  and  white.  Aperture 
somewhat  angulated  at  the  base  of  the 
columella.  Peristome  thin  and  acute,  form- 
ing a  regular  curve  without  an  inden- 
tation in  the  upper  palatal  region  such  as 
is  present  in  most  of  the  Vertigos.  The 
aperture  is  very  slightly  thickened  with 
callus  on  the  inside  of  the  peristome  in 
the  basal  region.  Peristome  not  reflected 
and  with  no  callus  crest  back  of  the  aper- 
ture. Teeth  and  lamellae  entirely  absent 
from  the  aperture.  Umbilicus  with  a  very 
small  perforation* 

Length;  5.81  mm.;  diameter,  2.03  mm. 
This  species  differs  from  all   others  of 
Sphyradium  by  its  much  grater  size  and 
the  relatively  smaller  aperture. 

Type.—Csit.  No.  214302,  U.S.N.M.,  from 
the  Pleistocene  of  Long  Idand,  PhiUips 
County,  Kansas.  The  specimens  of  this 
species  were  collected  by  Mr.  Edward  C. 
Johnston  and  the  writer  in  the  autumn 
of  1910.  They  occur  in  deposits  of 
sandy,  green  marl  of  undoubted  Pleisto- 
cene age.  With  them  were  large  num- 
bers of  other  Pupillidse,  as  well  as  other  land  snails.  The  entire 
fauna  of  the  beds  is  foreign  to  the  region  at  the  present  time,  but 
is  aUied  to  the  present  day  Canadian  fauna. 
From  this  it  is  supposed  that  the  animals 
lived  just  before  or  during  the  Glacial  epoch. 


FlO.  1.— SPHTBADIUlf  HASTA  HUYNA, 
TYPE,    CAT.    NO.    214302,    VA.JXM, 

Drawn  bt  g.  d.  hanna. 


SPHYRADIUM  ALTICOLUM  IngenoU. 

Pupilla  alHcola  Inoersoll,  U.  S.  Geol.  Surv.  of  the 
Terr.,  Bull.  1,  No.  2,  ser.  2,  p.  128  (1874);  Eighth  Ann. 
Rep.  Hayden  Surv.,  1874,  p.  391. 

Pupa  altioola  (Ingersoll)  Binnet,  Man.  Amer.  Land 
Shells,  1885,  p.  174,  fig.  166. 

Shell  between  2.50  mm.  and  3.50  mm.  in 
height,  long  and  cylindrical.  light  brown  in 
color  with  the  apex  much  lighter,  sometimes 
white.  Spire  elevated  and  with  the  apex  ob- 
tusely pointed.  Whorls  7  to  8,  well  roimded  on 
the  face  and  with  the  sutures  well  impressed. 
The  last  whorl  in  adult  shells  is  of  greater  diameter  than  the  one 
preceding  it,  while  the  next  three  above  it  are  of  about  equal  size; 


Fio.  2.— Spbtbadivm  alh- 

COLUli  INGXBSOLL. 

Drawn  bt  q.  d.  hanna. 
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this  expansion  of  the  last  whorl  makes  the  shell  slightly  unsymmet- 
rical.  Peristome  thin  and  acute,  without  callus,  thickenings  or 
indentations  in  the  palatal  wall.  lines  of  growth  weak  and  oblique; 
apex  smooth.  Aperture  larger  in  proportion  to  the  shell  than  in 
either  S.  Jiasta  or  S.  edentvlum;  entirely  without  teeth  or  lamellae. 
The  umbilicus  is  very  slightly  perforate. 


Height. 

Diameter. 

3.33 

1.74 

2.81 

1.11 

2.70      . 

1.14 

This  species  is  found  at  various  places  as  a  fossil  in  the  Pleistocene 
and  Loess  deposits  of  the  Mississippi  Valley.*  It  is  also  found  in 
several  States  of  the  Rocky  Mountain  region  at  the  present  time; 
i.  e.,  in  Utah,  Colorado,  and  Wyoming. 

Its  abundance  in  the  Pleistocene  beds  of  Long  Island,  Phillips 
County,  Kansas,  shows  that  at  one  time  this  was  a  very  common 
shell.  Many  specimens  were  found  there  in  1910  by  Mr.  Johnston 
and  the  writer.  They  were  associated  with  S.  hasta  and  other  Pupil- 
lidsB  which  are  at  the  present  time  apparently  extinct. 

This  species  can  not  be  confused  with  any  other  United  States  land 
mollusk.  The  much  greater  height  of  the  shell  and  the  greater  num- 
ber of  whorls  shows  it  at  once  to  be  distinct  from  S.  edenhdum, 

ISPHTRADIUM  BDBIVTULUM  Drayuiunid. 

Pupa  edentula  Draparnaud,  Hist.  Moll.,  1805,  p.  52,  pi.  3,  figs.  28,  29. 

Pupa  simplex  Gould,  Boat.  Joum.  Nat.  Hist.,  vol.  3, 1840,  p.  403,  pi.  3,  fig.  21. 

Vertigo  simplex  (Gould)  Binnby,  Man.  Amer.  Land  Shells,  1885,  p.  191,  fig  196. 

Shell,  smaller  than  either  of  the  two  preceding  species,  not  more 
than  2  mm.  in  height;  translucent  brown  in  color,  the  apex  not 
lighter  than  the  body  of  the  shell  in  live  specimens.  Outline  conical 
rather  than  cylindrical;  apex  obtuse.  Whorls  four  to  five,  well 
rounded  on  the  face  and  with  the  sutures  well  impressed.  Lines  of 
growth  very  faint  and  oblique.  Shell  not  spoiled  in  symmetry  by  the 
last  whorl  increasing  in  size  unproportionately .  Aperture  well  rounded 
and  proportionately  not  so  large  as  in  8.  alticolum;  entirely  without 
teeth  or  lamellae.  Peristome  thin  and  acute,  without  callous  thick- 
enings or  indentations.    Umbilicus  minutely  perforate. 

Height,  1.60  mm.;  diameter,  0.80  mm. 

The  shell  does  not  vary  appreciably  in  size.  It  is  a  resident  in  that 
part  of  North  America  designated  by  the  United  States  Biological 
Survey'  as  Transition  and  Canadian.  It  is  also  a  resident  of  the 
northern  parts  of  Europe  and  Asia. 

>  PUsbry,  Nautihu.  toI.  U,  1896,  p.  142. 

*  U.  8.  BlologlcAl  Survey.    Fourth  Proyistonal  Zofie  Hap  of  North  America,  by  C.  Hart  Merriam,  Vmboii 
Bailey,  E.  W.  Netoon,  and  E.  A.  Pnble,  1910. 
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Fio.  3.— Animal  or 

SPHTRADnJH  EDEN- 
TULX71C  DBA  PA  B- 
NAUD  WITH  THE 
SHELL  BEICOYED, 
SHOWING  THE  KID- 
NET.  Dbawn  BT 
0.  D.  RANNA. 


Animal  (fig.  3),  with  a  rather  short  oval  foot.  Color  dark  about  the 
head  region,  lighter  posteriorly  and  on  the  sole  of  the  foot.  Lower 
tentacles  absent.  Foot  without  pedal  grooves  or  traces  of  such  struc- 
tures. Surface  of  body  covered  with  a  network  of  incised  lines,  the 
meshes  of  which  are  very  large.  This  network  is  absent  in  at  least 
some  of  the  Vertigos,  but  is  present  in  all  of  the  Bifi- 
daria  and  Pupoides  which  the  writer  has  had  the  op- 
portunity to  examine. 

The  breathing  pore  is  situated  at  the  upper  right- 
hand  angle  of  the  mantle  and  with  the  anus  imme- 
diately to  the  right.  There  are  no  black  markings 
on  the  mantle  or  lung  wall. 

Kidney,  a  long,  slender,  granular  walled  pouch  at- 
tached to  the  outer  waU  of  the  pallial  cavity  and  with 
the  posterior  end  lying  against  the  anterior  end  of  the 
albumen  gland.  The  glandular  matter  of  the  kidney 
is  not  arranged  in  longitudinal  filaments  or  folds  as  in 
most  of  the  other  PupilUds,  but  is  evenly  distributed  over  the  entire 
inner  surface.  There  is  in  the  anterior  end  an  indication  of  transverse 
bars  which  are  more  noticeable  on  the  upper  part  of  the  urethra.  The 
urethra  leads  directly  from  the  anterior  end  of  the  kidney  to  the 
excretory  pore,  which  is  situated  as  in  the  other  Pupillidae.  It  opens 
into  the  anterior  end  of  the  pallial  cavity,  immediately  posterior  to 
the  breathing  pore.  The  size  of  the  urethra  and  rectum  is  about  the 
same  and  the  two  are  separated  by  a  considerable 
distance. 

The  salivary  glands  are  united  in  one,  but 
have  a  pair  of  ducts  leading  to  the  buccal  mass, 
and  passing  beneath  the  cerebral  nerve  commis- 
sure and  through  the  nerve  collar. 

The  genitalia  (fig.  4)  are  distinctly  Pupillid  in 
character.  Hermaphroditic  gland,  composed  of 
a  single  mass  of  grape-like  granules  as  in  Vertigo. 
In  the  Endodontidae,  where  Sphyradium  has  here- 
tofore been  placed,  this  gland  is  composed  of 
many  individual  bunches  of  elongated  tubules, 
the  bunches  arranged  in  a  diminishing  series  toward 
the  apex.  The  gland  of  S.  edentvlum  is  embedded 
in  the  anterior  end  of  the  hver,  which  is  light 
Hermaphroditic  duct  slightly  swollen  in  its  lower 
half,  but  not  convoluted  in  any  part.  It  discharges  into  the  oviduct 
at  the  junction  of  the  latter  with  the  albumen  gland. 

The  albumen  gland  is  very  large  and  massive,  white  and  transparent, 
and  on  the  posterior  end  there  are  a  few  scattering  specks  of  black 
pigment.  These  are  on  the  outer  surface  of  the  gland  only.  The 
oviduct  is  large  at  the  posterior  end  and  gradually  diminishes  in  size 


FiQ.  4.~0enitalia  of 

BFHTBADIUII      EDENTU- 
LX7M    DrAPABNAUD. 

Spec.  no.  142,  or  the 

WBITBB'8      COLLECnON 

op  alcohoucs.    Much 
ifAGNipiED.   Dbawn  BT 

G.  D.  BANNA. 

brown  in  color. 
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anteriorly,  passing  imperceptibly  into  the  vagina.  It  contains  no 
folds  or  pouches,  nor  is  there  upon  it  such  a  shell  gland  (prostate)  as 
is  found  in  the  Endodontidie.  The  vagina  is  a  wide  tube,  free  of  con- 
volutions, and  it  opens  to  the  exterior  at  the  base  of  the  right  eye- 
stalk. 

Spermatheca,  small  and  globular  with  a  slender  duct  almost  as 
long  as  the  oviduct  and  vagina.  It  discharges  into  the  vagina  near 
the  lower  end  of  the  latter.  There  is  no  point  of  demarcation 
between  vagina  and  oviduct,  but  for  purposes  of  study  and  comparison 
in  the  Orthurethra  it  is  convenient  to  call  that  part  of  the  duct  below 
where  the  vas  deferens  leads  away,  vagina,  and  that  which  is  above^ 
oviduct. 

The  penis  is  very  small  in  comparison  to  the  size  of  the  other  organs. 
This,  however,  is  characteristic  of  the  PupiUidie.  It  is  not  attached 
to  the  vagina  as  usual  in  this  family,  and  therefore  there  is  no  atrium; 
instead  it  opens  to  the  exterior,  on  the  vaginal  lip.  The  penis  is  very 
slender  at  the  point  of  exit,  but  enlarges  gradually  toward  the  upper 
end,  where  it  is  half  the  diameter  of  the  vagina.  The  vas  deferens 
leads  from  the  center  of  the  female  organs,  the  jimction  of  the  vagina 
and  oviduct,  to  the  apex  of  the  penis.  The  retractor  muscle  is 
attached  to  the  vas  deferens  a  little  way  down  from  the  apex  of  the 
penis  and  also  to  the  floor  of  the  pallial  cavity.  Above  the  attachment 
of  the  vas  deferens  there  is  no  continuation  of  the  perns  as  in  Bifidaria 
and  no  long  flagella-like  appendage  as  in  Pupoides.  In  S.  edentvlum 
the  condition  is  nearer  what  is  foimd  in  some  of  the  Vertigos  as  F. 
ovata. 

The  genitalia  are  most  closely  related  to  the  Vertigos  of  any  group 
of  the  Pupillidsd,  thus  bearing  out  the  resemblance  of  the  sheUs. 

The  jaw,  radula,  and  genital  organs  of  the  European  S,  ederUulum 
have  been  described  and  figured  by  R.  Lehman.^  His  figures  are  not 
very  good,  but  they  show  that  the  genitalia  of  the  animal  he  had  were 
very  different  from  those  of  the  form  now  under  consideration.  As 
he  describes  and  figures  these  organs  there  is  one  long  flagellum  on  the 
penis  and  two  short  thread-Uke  ones.  The  larger  one  has  a  bulb-like 
enlargement  on  the  outer  end.  He  also  says  the  oviduct  is  pouched 
and  folded,  and  his  figure  shows  a  distinct  demarcation  between  the 
oviduct  and  vagina.  If  the  species  he  had  was  S,  edentvlum  and  if  his 
dissections  are  correct,  then  the  American  form  is  specifically  if  not 
also  generically  distinct  from  the  European,  and  the  name,  8.  simplex 
Gould,  will  apply  to  our  snail. 

However,  until  modem  methods  of  dissection  are  used  on  the  Euro- 
pean form,  it  is  perhaps  best  to  continue  to  refer  the  American  snail 
to  S.  edevJtulum, 

^  Lehinaa,  Labendeo  SduMCkaii,  etc.,  p.  142;  pi.  14,  fig.  4a. 
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NEW  SAWFUES  IN  THE  COLLECTIONS  OF  THE  UNITED 
STATES  NATIONAL  MUSEL^. 


By  S.  A.  RoHWER, 
BvT&m  of  Entomology,  United  States  Department  of  Agriculttare,  Washington,  D.  C. 


It  is  believed  that  the  following  species  are  congeneric  with  the 
genotypes  as  defined  in  the  two  papers  by  the  author  dealing  with 
the  subject  of  genotypes.  ^  In  the  making  of  descriptions  a  Carl 
Zeiss  binocular  and  Carl  Zeiss  hand  lens  were  used.  The  figures  are 
from  camera  lucida  sketches.  The  following  new  species  do  not 
exhaust  the  collections  of  the  United  States  National  Museiun,  and 
some  other  papers  dealing  with  genera  not  treated  in  this  paper 
will  be  submitted  later.  While  some  of  the  descriptions  are  appai^ 
ently  brief,  they  will,  it  is  beheved,  suffice  to  determine  the  species 
in  question  with  certainty.  Certain  new  species  in  this  paper  have 
been  described  by  comparison  with  an  old  species.  If  the  reader  has 
a  species,  differing  from  the  old  species  in  characters  not  mentioned 
in  the  comparison  between  the  old  and  new  species,  it  may  be  con- 
sidered different  from  the  new  species.  To  redescribe  characters 
common  to  many  species  is  of  no  value  in  a  description. 

This  paper  is  a  contribution  from  the  Division  of  Forest  Insects 
of  the  Bureau  of  Entomology  of  the  United  States  Department  of 
Agriculture. 

Genus  ACANTHOLYDA  Costa. 

ACAHTHOLTDA  (ACANTHOLTDA)  Pnn,  new  w§9ei&s. 

Related  to  atripes  (Cresson),  but  may  be  distinguished  by  the 
paler  legs,  the  black  and  pale  abdomen,  and  non-yellowish  wings. 

Female. — ^Length  13  mm.  Head  with  rather  large,  separate 
punctures;  lateral  supraclypeal  area  smooth,  shining  impunctate; 
clypeus  shining,  with  widely  separate  punctures,  the  anterior  margin 
not  quite  straight;  antennae  35-jointed,  the  apical  joints  small, 
third  joint  longer  than  foiu",  but  not  as  long  as  four  plus  five;  middle 
fovea  represented  only  by  a  line;  no  ocellar  basin;  all  the  furrows 
of  the  head  wanting;  the  middle  area  of  the  mesonotum  with  dis- 

>  The  GenotypeB  of  the  Sawfliee  and  Woodwaspe,  or  the  Superfiunay  TenfhradJnoidfiA,  BulL  Tech.  8cr. 
No.  20|  pt.  2,  U.  S.  Dep.  Agr.,  Bur.  Ent,  pp.  i-yi  and  e»-109|  March  4, 1911. 

Additions  and  corrections  to  "The  Genotypes  of  the  Sawflles  and  Woodwasps,  or  the  Superfionily 
TnthredlDoidea,"  Bnt.  News,  voL  22,  pp.  21S-21Q,  May,  1911. 

Proceeoinqs  U.  S.  National  Museum,  Vol.  41— No.  1866. 
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tinct  punctures;  third  cubital  cell  subequal  with  the  second  on  the 
radius;  transverse  radius  interstitial  with  second  transverse  cubitus; 
abdomen  normal.  Black,  mandibles  (apicies  piceous),  clypeus, 
posterior  orbits,  most  of  face  below  ocelli,  three  lines  on  vertex, 
tegulse,  line  on  pronotum,  posterior  part  of  anterior  lobe  scutellum, 
and  Unes  connecting  these  two  spots,  most  of  epistemum,  venter, 
sides  of  dorsum,  all  the  legs  beneath  yellowish.  Wings  dusky 
hyedine,  venation  pale  brown. 

District  of  Columbia.  One  female  from  beating  on  pine,  April  26, 
1903,  collected  by  A.  D.  Hopkins. 

Type.— Cat.  No.  13983,  U.S.N.M. 

Genus  DERECYTRA  Smith. 

DERBCYTRA  VARIIPBNNIS,  new  ipaciet. 

Perhaps  more  closely  related  to  D.  pictipennis  than  any  other 
species,  but  it  is  not  that  species. 

Male. — ^Length  14  mm.  Anterior  margin  of  the  clypeus  with  a 
median  tooth;  mandibles  short,  robust,  with  large  separate  punc- 
tures; inner  orbits  striate;  produced  area  of  the  front,  depressed 
above  medianly,  shining,  laterally  irregularly  striate;  head  behind 
the  supraorbital  line  shining,  impunctate;  postocellar  area  nearly 
wanting  not  parted;  fourth  antennal  joint  longer  than  the  third  or 
fifth;  middle  lobe  of  mesonotum  and  lateral  part  of  the  lateral  lobes 
transversely  striate;  anterior  part  of  lateral  lobes  rather  closely, 
distinctly  punctured;  scutellum  rather  coarsely,  irregularly  sculp- 
tured; mesoepistemum  above  striato-punctate,  below  and  with  the 
mesostemum  punctate;  second  cubital  cell  much  longer  than  the 
third;  hypopygidium  with  the  apical  margin  truncate,  in  the  mid- 
dle slightly  emarginate.  Rufo-piceous;  antennae  black;  posterior 
femora  and  apical  dorsal  segments  darker.  Wings  brownish  black, 
with  a  yellowish  spot  in  the  area  surrounding  the  stigma. 

San  Bernardino,  Paraguay.    One  male  collected  by  K.  Fiebrig. 

Type.—CB,t.  No.  13984,  U.S.N.M. 

Genus  HAPLOSTEGUS  Konow. 

HAPLOSTBGUS  MEXICAlfUS,  new  ipecies. 

Black,  except  the  mesonotum  and  scutellum  which  is  rufous; 
wings  brown,  venation  black. 

Male. — Length  4  mm..  Clypeus  very  small,  apex  truncate;  a 
rather  distinct  transverse  suture  above  the  clypeus;  antennal  fur- 
rows distinct,  continuous;  middle  fovea  rather  large,  oval  in  outUne, 
the  sides  sloping,  extending  laterally;  anterior  ocellus  in  an  indis- 
tinct depression;  postocellar  furrow  poorly  defined;  postocellar  line 
but  little  longer  than  the  ocelloccipital  line;  antennas  gradually 
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thickening  apically;  the  first  two  joints  subequal,  the  third  longer 
than  the  fourth,  the  apical  one  longer  than  the  preceding  one,  the 
apex  pointed;  scutellum  obtusely  pointed  posteriorly;  tarsal  claws 
long  and  simple;  hypopygidium  with  large  punctures,  the  apex  nar- 
rowed, obtusely  rounded.  Black,  mesonotum  and  scutelluni  dark 
red;  wings  brown,  venation  black. 

Cordoba,  Mexico.    One  male  collected  on  December  6,  by  F.  Knab. 

Type.— Csit.  No.  13986,  U.S.N.M. 

CONOCOXA,  ne'w  genus. 

Rather  small,  robust  species  with  a  habitus  very  like  Acordvlocera 
Say;  head  nearly  as  wide  as  the  thorax,  rectangular  when  seen  from 
above;  eyes  at  the  side  of  the  head,  large,  their  inner  margins  par- 
allel; maJar  space  present  but  narrow;  antennae  inserted  close  to 
the  clypeus,  simple,  seven-jointed,  pedicel  subequal  in  length  with 
the  scape,  third  joint  much  longer  than  fourth;  clypeus  small  and 
not  separated  by  a  supraclypeal  suture;  labrum  rather  large;  lateral 
ocelli  slightly  above  the  supraorbital  line;  thorax- like  Acordvlocera; 
claws  loi^  simple;  four  anterior  legs  simple;  posterior  coxsb  and 
femora  much  enlarged,  especially  in  the  male  where  they  remind 
one  of  Chalis;  in  the  male  the  posterior  trochanters  are  armed  with 
a  spine;  tibiae  without  a  superapical  spur;  venation  differs  from 
Acordulocera  as  follows:  Costa  uniform  in  thickness;  first  transverse 
cubitus  only  partly  wanting;  anal  vein  straight  with  a  stump  (A^) 
projecting  forward  so  that  an  incomplete  petiolate  anal  cell  is  pres- 
ent; hind  wings  rather  broader  than  in  Acordulocera;  third  anal  vein 
of  hind  wings  present;  abdomen  similar  to  Acordulocera. 

Genotype, — Conocoxa  chcUicipoda  Rohwer. 

CONOCOZA  CHAUCIPODA,  a«w  ipedes. 

Head  and  thorax  black;  abdomen  partly  ferruginous. 

Female. — ^Length  4  mm.  Clypeus  obtusely  rounded  anteriorly; 
antennal  fovea  elongate;  middle  fovea  deep,  circular,  small;  anterior 
ocellus  in  a  small  diamond-shaped  basin;  antennal  furrows  complete; 
postocellar  furrow  present,  well  defined;  postocellar  line  equal  to 
the  ocellorbital  line;  stigma  very  large,  not  twice  as  long  as  broad; 
sheath  large,  obtusely  rounded  at  the  apex.  Black:  abdomen  except 
basal  dorsal  segments  and  apex  of  sheath  ferruginous;  legs  fer- 
ruginous, base  of  coxae,  four  anterior  femora  above,  posterior  tibiae 
above  and  apical  joints  of  tarsi  black.  Wings  slightly  dusky,  hya- 
line; venation  pale  brown,  stigma  and  costa  pallid. 

Male. — ^Length  5  mm.  Middle  fovea  elongate;  postocellar  fur- 
row and  ocellar  basin  not  as  strong  as  in  female;  posterior  coxae 
tuberculate  beneath;  posterior  trochanters  with  a  long  curved  prong 
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extending  backward;  hind  tarsi  rather  dilated  toward  the  apex; 
hjrpopygidium  broadly  rounded  at  the  apex;  four  anterior  legs 
brown ;  apex  of  posterior  cox»,  trochanters,  femora  except  a  black  line 
above  f erruginous,  the  rest  of  the  posterior  legs  black.  Except  where 
mentioned  the  characters  given  for  the  female  agree  with  the  male. 


Fio.  l.—Wmos  or  Conoooxa  chauopoda  Rorwsb. 

Chubut,  Patagonia.  A  male  and  a  female  collected  by  W.  F.  H. 
Rosenberg. 

Type.— Cat.  No.  13986,  U.S.N.M. 

NITHULEA,  new  genus. 

Very  like  Conocoxa  Rohwer  and  agrees  with  the  description  of 
that  genus  except  in  the  following  points:  Malar  space  broader; 
antennsB  six-jointed,  the  third  joint  as  long  as  the  fourth  and  fifth 
combined,  sixth  subclavate;  antennse  inserted  nearly  the  width  of  the 
scape  above  the  cljrpeus;  caudad  end  of  the  scutellum  rather  sharply 
triangular;  posterior  cox»  elongate,  but  the  femora  normal,  second 
transverse  cubitus  wanting;  the  cubital  venation  reminding  one  of 
Euura  Newman. 

Genotype, — Nithvlea  nigrata  Rohwer.  • 

MiTUULBA  NIORATA*  atw  ipodM. 

Entirely  black;  wings  dusky  hyaline,  venation  brown,  stigma 
paller. 

Female. — ^Length  3.5  mm.  Qypeus  broadly  rounded  on  the 
anterior  margm ;  antenna!  fove»  not  sharply  defined,  striate- granular ; 
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middle  fovea  wanting;    a  U-shaped  depressed  area  in  the  middle  of 

the  face  below  the  crest;  anteimal  furrows  complete,  well  defined; 

area    aromid    the    anterior 

ocellus    hardly    depressed; 

postocellar  furrow  deep; 

postocellar  line  a  very  little 

shorter  than  the  ocellorbital 

line;  third    antennal   joint 

curved;    head   dulled  with 

fine  scratches ;  stigma  broad, 

rounded  on  the  lower  mar- 

gin ;  sheath  rather  broad  and 

robust.    Entirely  black ;  wings  dusky  hyaline ;  venation  brown,  stigma 

pale  brown. 

Chubut,  Patagonia.    One  female  collected  by  W.  F.  H.  Rosenberg. 

Type.— Chi.  No.  13987,  U.S.N.M. 

Genus  LOBOCEHAS  Klrby. 

LOBOCSRAS  TRIMACULATUM,  new  ipodM. 

Apparently  more  closely  related  to  some  of  the  Brazilian  species, 
Loboceras  trinotatus  Konow,  etc.,  than  any  of  the  Central  American 
forms,  but  does  not  agree  with  any  of  these.  In  color  it  is  more 
like  Loboceras  varicone  Cameron  than  the  other  described  species 
from  Central  America. 

Female. — ^Length  8.5  mm. ;  length  of  anterior  wing  8  mm.  Labrum 
nearly  as  long  as  wide,  roimded  at  the  apex;  clypeus  nearly  truncate; 
ocellar  basin  open  below  and  extending  to  the  open  middle  fovea, 
making  a  broad,  shallow  facial  fovea;  antennal  furrow  not  com- 
plete; posterior  orbits  not  as  broad  as  in  X.  mexicamim  Kirby; 
postocellar  area  well  defined,  the  lateral  furrows  not  reaching  the 
posterior  margin  of  the  head;  third  antennal  joint  distinctly  longer 
than  the  fourth,  but  not  as  long  as  four  plus  five;  scutellum  margined 
laterally  and  not  depressed  in  the  apical  middle;  second  cubital  cell, 
much  broader  above  than  below,  receiving  the  first  recurrent  slightly 
beyond  the  middle;  second  recurrent  slightly  beyond  the  second 
transverse  cubitus;  legs  normal;  sheath  well  concealed,  truncate  at 
the  apex.  Luteous;  head,  except  pallid  labrum,  clypeus,  supra- 
clypeal  area,  scape,  mandibles  (apicies  piceous),  and  antennae  black; 
a  brownish  spot  on  each  lobe  of  mesonotum;  intermediate  tarsi  and 
the  posterior  tibiae  and  tarsi  black.  Wings  yellowish  hyaline,  beyond 
the  stigma  dusky  hyaline;  venation  to  apex  of  stigma  yellowish,  in 
the  dusky  part  of  the  wing  brownish. 

Piedros  Negras,  Costa  Rica.  One  female  collected  by  Schild  and 
Burgdorf. 

Type.— Cat.  No,  13988,  U.S.N.M. 
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Genus  HEMIDIANEURA  Kirby. 
HSBODIANXXTSA  ALBOCOXA,  new  gpedas. 

Related  to  H.  tenehrica  Konow  from  Surinam^  but  has  black  tegulflB, 
partly  pale  clypeus,  and  the  antennal  furrows  are  not  punctiform. 

Female. — ^Length  8.5  mm.  Labrum  punctured,  depressed  in  the 
apical  middle;  clypeus  truncate;  supraclypeal  area  convex;  below 
the  antennsB  the  head  is  punctured,  above  shining;  antennal  furrows 
extending  to  the  vertex;  middle  fovea  subcircular  in  outline,  joming 
the  ocellar  basin;  postocellar  furrow  distinctly  present;  lateral 
ocelli  slightly  anterior  to  the  supraorbital  line;  pedecellum  a  little 
wider  than  long;  flagellimi  rather  slender;  third  cubital  cell  about 
twice  as  long  on  the  radius  as  on  the  cubitus;  second  recurrent 
vein,  interstitial  with  the  second  transverse  cubitus;  both  in  the 
fore  and  hind  wings  there  is  a  spurious  branch  to  the  median  extend- 
ing nearly  to  the  anal  vein;  stigma  broadest  at  the  base;  sheath 
rather  slender,  straight  above,  sharply  pointed,  the  lower  margin 
oblique.  Black:  mesonotum  except  anterior  part  of  middle  lobe, 
scutellum,  and  a  spot  beneath  wii^  red;  most  of  clypeus,  spot  at 
base  of  costa,  legs  to  basal  third  of  tibiae  yellowish-white.  Wings 
dark  brownish-black;  venation  black. 

Male. — ^Length  7  nma.  Agrees  with  the  female  except  for  the 
sexual  differences.  Hypopygidium  gently  rounded  apically,  about 
twice  as  wide  as  long;  gentalia  stipes  rather  broad,  gently  rounded 
apically. 

San  Bernardino,  Paraguay.  Two  males  and  seven  females,  num- 
bered 2175a  and  2175.  Presented  to  the  United  States  National 
Museum  by  K.  Fiebrig. 

Type.— Cat.  No.  13989,  U.S.N.M. 

Genus  ATOMACERA  Say. 

ATOBAACBRA  DBCBPTA,  turn  ipodM. 

Related  to  desmodii  Dyar,  but  the  sheath  is  obtusely  pointed  at 
the  apex,  not  obliquely  truncate,  and  the  scutellum  is  black.  From 
debUisSsij  it  differs  in  the  poorly  defined  ocellar  basin.  RujvcoUis 
Norton  is  very  different  in  the  sharply  defined  middle  fovea. 

Female. — ^Length  4.5  mm.  Clypeus  and  labrum  gently  arcuately 
emai^inate;  supraclypeal  fove»  distinct,  pxmctiform;  ocellar  basin 
indistinct  almost  wanting,  poorly  defined  above  the  ocellus;  posto- 
cellar furrow  wanting;  postocellar  line  slightly  shorter  than  the 
ocellorbital  line;  third  cubital  cell  wider  on  the  radius  than  on  the 
cubitus,  about  three  times  as  wide  at  apex  as  at  base;  sheath  narrow, 
neariy  parallel  sided,  at  the  apex  obtusely  pointed.  Black ;  pronotum 
broadly,  tegulro  and  mesonotum  except  a  large  spot  oil  anterior  lobe 
rufo-testaceous;  wings  brownish,  venation  brown. 

New  York.    One  female. 

Type.— Cat.  No.  13990,  U.S.NJ1 


Digitized  by 


Google 


90, 1806.    NEW  BAWFLIE8  IN  V.  8.  NATIONAL  MUSEVM^ROHWER,     383 

Genus  CALOPTILIA  Ashmead. 
CALOPnXXA  nCBOTXROA,  ii«w  9«lef. 

Differs  from  C.  immunda  (Konow)  in  ihjd  black  posterior  tibise,  and 
other  characters. 

Male. — ^Length  7  mm.  Labrum  depressed,  the  basal  portion 
punctured;  clypeus  arcuately  emarginate;  middle  carina  strong; 
middle  fovea  elongate  triangular,  separated  from  the  ocellar  basin 
by  a  transverse  ridge;  ocellar  basin  pentagonal,  not  quite  closed 
above;  postocellar  area  poorly  defined  on  all  sides;  impressed  in  the 
middle;  antenme  rather  slender,  extending  beyond  the  basal  plates, 
curved  apically;  stigma  rounded  on  the  lower  margin;  third  cubital 
cell  longer  than  the  apical  vddth,  and  receiving  the  second  recurrent 
near  the  base;  hypopygidium  about  one  third  longer  than  wide, 
narrowing  apically,  obtusely  rounded;  gentalia  stipes  broader  above 
apically.  Black  and  obscure  testaceous;  head,  antennse,  mesono* 
timi,  scutellum,  apex  of  abdomen,  anterior  tarsi  and  the  four  posterior 
tibiiB  and  tarsi  black;  palpi  meso  and  meta-plursB,  mesostemum, 
anterior  coxBd  and  tibisB,  dorsal  abdominal  segments  piceous;  rest  of 
the  insect  obscure  testaceous;  wings  dusky  hyaline;  venation  black. 

Cordoba,  Vera  Cruz,  Mexico.  One  male  collected  by  F.  Knab  on 
January  29,  1908. 

Type.— Cat.  No.  13991,  U.S.NJ1. 

CALOPHIIA  iniB^CULOSA  ROSENBBRGI,  new  vaiMf. 

Differs  from  Cdlopiila  rmbeculosa  (Konow)  as  follows: 

Ocellar  basin  pointed  behind  the  median  ocellus,  not  truncate; 
postocellar  furrow  absent,  not  present;  mesonotum  not  marked 
with  black;  venation  testaceous,  not  dark  brown;  wings  mostly 
yellowish,  not  dusky;  only  apical  dorsal  segment  black;  face  pale  in 
the  middle  to  level  of  antennae.    Female,  length  8  mm. 

Chawchamayo,  Peru.    One  female  from  W.  T.  H.  Rosenberg. 

Typ^.— Cat.  No.  13992,  U.S.N.M. 

Genus  ACORDULECERA  Say. 

ACORDULBCBRA  KHABI^bow  \ 


In  general  color  belongs  to  the  group  of  black  species  with  pale  legs, 
but  differs  from  the  descriptions  of  all  of  these. 

Female. — ^Length  3.5  mm.  Antennal  furrows  nearly  complete 
but  not  sharply  defined;  middle  fovea  transverse,  shaUow,  rather 
large;  a  shallow  depression  above  the  middle  fovea;  ocellar  basin 
rather  small,  bounded  by  low  rounded  walls;  postocellar  area  wanting; 
third  antennal  joint  nearly  as  long  as  four  plus  five;  postocellar  line 
neariy  twice  as  long  as  the  ocellocular  line;  stigma  hardly  twice  as 
long  as  wide,  rounded  on  the  lower  margin;  sheath  robust,  broadly 
rounded  apically;  saw  with  cross  rays,  teeth  small  and  rounded. 
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Black,  not  densely  pilose;  mandibles  piceous;  scape,  pedicellum,  legs 
below  cox»  yellowish-pallid.  Wings  dusky  hyaline,  venation  dark 
brown. 

Male. — ^What  seems  to  'be  the  male  (from  the  same  locality) 
differs  from  the  female  in  the  rather  longer  antennse,  the  third  joint 
not  half  again  as  long  as  the  fourth,  middle  fovea  larger,  wings  some- 
what clearer.    Hypopygidium  truncate  apically. 

Cordoba,  Vera  Cruz,  Mexico.  One  female  collected  June  14,  and 
one  male  collected  January  31,  1888,  by  Frederick  Knab,  for  whom 
it  IS  named. 

Type.— Cat.  No.  14020,  U.S.N.M. 

Genus  LYCAOTA  Koncw. 

Due  to  the  great  color  antigney  in  this  genus  the  males  and  females 
have  in  some  cases  been  described  as  different  species. 

LTCAOTA  80DALIS  (CraM«n). 

Selandria  sodalia  Oresson,  Tranfi.  Amer.  Ent.  Soc.,  vol.  8, 1880,  p.  44,  female. 
Lycaotafusca  Rohwer,  Can.  Ent.,  vol.  40, 1908,  p.  108,  male. 

A  common  species  in  parts  of  Colorado. 

LTCAOTA  SPISSIPBS  (CraM«n). 

Selandria  {Hoplocampa)  spissipes  Cresson,  Trans.  Amer.  Ent.  See.,  vol.  8, 1880, 

p.  14,  female. 
Selandria  (Hoplocampa)  lenis  Cresbon,  Trans.  Amer.  Ent.  Soc.,  vol.  8, 1880,  p.  14, 

male. 

This  little  species  may  be  easily  known  in  the  female  by  the  broad 
sheath  which  is  truncate  apically  and  broadly  emarginate  below. 
F.  Ejiab  collected  two  females  and  a  male  at  Oxbow,  Saskatchewan 
during  the  summer  of  1907. 

LTCAOTA  SPISSIPBS  BRXTlfNBTTS,  new  vaxMf. 

Ferndle. — ^Length  6.6  mm.    Differs  from  typical  spissipes  in  the 
pale  mesopectus,  mesoscutum,  orbits  and  two 
basal  joints  of  antennae. 
Montana.    Two  females. 
Type.-Oe^t.  No.  13838,  U.S.N.M. 


LTCAOTA  COLORADBNSIS.  nt 

Female. — Length  5.5  mm.  Supradyapel 
F1Q.3T-SHEATH8  OF  LTCAOTA.  a,    f^^^^   large,   connected  with   the  smaller 

OF  coLOKAPKNaia  RoHwgE.  ft,    antoimal  fovesB;     supraclypeal    area    flat; 

ow  BFuam  (CBMsaoK).  frontal  crest  very  strongly  broken;  middle 

fovea  well  defined,  more  distinctly  so  below,  not  sharply  separated 
from  the  ocellar  basin;  ocellar  basin  not  closed  below,  defined  laterally 
by  fine  ridges;  postocellar  area  convex,  defined  laterally  by  a  puncti- 
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form  fovea;  postocellar  furrow  curved  anteriorly;  antenna  nearly 
filiform,  the  third  joint  a  little  longer  than  the  fourth;  stigma  rounded 
below;  sheath  as  in  figure.  Black;  clypeus,  labrum,  mandibles  (apices 
piceous),  pronotum,  tegulsB,  mesoprescutum,  sides  of  mesoscutimi, 
mesoepistemum,  apical  two  abdominal  segments,  legs  below  middle 
of  COX8B  rufo-femiginous;  wings  hyaline  slightly  yellowish;  venation 
yellowish-brown,  darker  basally. 

The  clypeus  is  normally  black. 

Colorado.    Five  females  from  the  C.  F.  Baker  collection. 

Type.— Cat.  No.  13839,  U.S.N.M. 

Belated  to  spissipes  (Cresson),  but  may  be  distinguished  by  the 
shape  of  the  sheath  and  somewhat  different  conformation  of  the  head. 

CRATEROCERCUS,  new  genus. 

Belongs  near  Hemiehroa  Stephens,  but  has  the  antennee  shorter 
and  stouter;  the  malar  space  wanting;  the  eyes  longer;  the  head  and 
thorax  pimctured;  and  the  second  recurrent  vein  usually  received  by 
the  third  cubital  cell.  Also  much  like  Meaoneura  Hartig,  which 
belongs  to  the  same  tribe,  in  body  characters,  but  differs  in  the  robust 
cerci,  position  of  lateral  ocelli,  and  contracted  anal  cell. 

Clypeus  deeply  emarginate;  eyes  elongate,  reniform;  malar  ^pace 
very  narrow,  wanting;  head  large,  broader- than  high;  ocelli  in  a  low 
triangle,  the  lateral  ones  nearly  touching  the  supraorbital  line; 
antennaB  robust,  rather  short,  pedicellum  short,  much  wider  than 
long,  third  and  fourth  joints  subequal;  head  and  thorax  dull,  punc^ 
tured  or  granular;  thorax  similar  to  Hemiehroa;  legs  as  in  Hemiehroa; 
tarsal  claws  cleft;  second  recurrent  vein  usually  received  by  the  third 
cubital  cell,  or  sometimes  interstitial  with  the  second  transverse 
cubitus;  last  ventral  plate  produced  in  the  middle;  sheath  robust; 
cerci  very  short,  robust;  hypopygidium  very  elongate;  no  prode- 
centia. 

Oenotype. — Hemiehroa  phytopJiagiea  Dyar. 

Hemiehroa  aUndovariata  Norton  and  Hemiehroa  fratemalia  Norton 
also  belong  to  this  genus. 

Genus  MARLATTIA  Ashmead. 

BCARLATTIA  BRTTHROTHORAZ,  &«w  ipodM. 

Head  and  abdomen  black;  thorax  and  legs  reddish. 

Female. — ^Length  4.6  mm.  Clypeus  arcuately  emarginate,  lobes 
broad  rounded;  supraclypeal  suture  strong;  supraclypeal  area  trian- 
gular in  outline,  slightly  convex;  antennal  fovea  not  large;  middle 
fovea  elongate  and  connected  with  the  poorly  defined  oceUar  depres- 
sion; postocellar  line  subequal  with  the  ocellorbital  line;  lateral 
ocelli  much  above  the  supraorbital  line;  postocellar  area  much  wider 
94428**— Ph)C.N.M.vol.41— 11 2& 
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than  the  cephal-caudal  length,  poorly  defined;  head  and  thorax 
closely  punctured;  stigma  but  litde  more  than  twice  as  long  as  wide, 
a  little  broader  at  base,  apex  oblique;  third  cubital  cell  not  much 
longer  than  broad;  cerci  hardly  tapering;  sheath  broad,  apex  more 
or  less  rounded.  Black:  pro-  and  meeo-tiiorax,  legs,  except  extreme 
base  of  posterior  cox»,  cerci,  apical  dorsal  segment  reddish,  thorax 
darker;  wings  dusky  hyaline,  iridescent,  venation  pale  brown. 

JaclssonYille,  Florida.    One  female  from  the  Ashmead  collection. 

2V2>«-— <?at.  No.  13993,  U.S.N.M. 

Genus  PLATYCAMPUS  Schiodte. 
PLATTCAMFOS  JUHIPXRI,  IMW  ■padw. 

Readily  separated  from  the  other  species  by  the  black  head.  The 
Nearctic  species  have  .been  referred  previotisly  to  Camponiseus  New- 
man. 

Fenuile. — ^Length  6  mm.  Head  broad,  much  broader  than  high; 
dypeus  nearly  truncate;  antennal  fovesB  poorly  defined;  supradypeal 
area  convex;  middle  fovea  shallow,  triangular;  ocellar  basin  ahnoet 
wanting;  postocellar  area  defined  but  not  sharply  so;  postocellar  line 
slightly  longer  than  the  ocellorbital  line;  antennae  strongly  tapering, 
the  third  and  fourth  joints  subequal;  stigma  broad,  rounded  on  the 
lower  margin,  broadest  at  the  base;  third  cubital  cell  but  little  wider 
at  the  apex;  the  second  recurrent  interstitial  with  the  second  trans- 
verse cubitus;  upper  and  lower  discal  cell  in  the  hind  wings  equal  on 
the  outer  margin;  daws  stout,  with  an  erect  inner  tooth;  sheath 
broad,  apex  truncate,  the  lower  margin  oblique;  cerei  moderate. 
Reddish-ydlow;  head,  antennsB,  spots  on  the  lateral  lobes  of 
mesonotum,  metanotum,  pectus,  legs  and  sheath  black;  labrum, 
palpi  and  four  anterior  tibiae  and  tarsi  brownish.  Wings  hyaline, 
iridescent;  venation  dark  brown,  apex  of  stigma  lighter. 

Los  Vegas,  Hot  Springs,  New  Mexico.  Bred  from  JuniperuSf  adult 
emerging  April  7, 1902. 

IVp«.— €at.  No.  13994,  U.S.N.M. 

Genus  PTERONIDEA  Roh'wer. 

PTSROmDBA  WnmANiB*  IMW  ipoclM. 

A  distinct  species  falling  nearer  P.  dvMus  (Marlatt)  in  Marlatt's 
Revision  to  North  American  Nematinse,  but  is  remarkably  distinct 
from  that  species. 

Male. — Length  6.5  mm.  Clypeus  distinctly  angularly  emarginate, 
lobes  broad,  rounded;  antennal  fovesB  poorly  defined;  middle  fovea 
narrow,  dongate,  open  above;  frontal  crest  slightly  broken;  ocellar 
basin  wdl  defined  laterally,  almost  open  bdow;  postocellar  area 
poorly  defined;  postocellar  furrow  wanting;  postocellar  line  longer 
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than  the  ocellorbital  hne;  antenna  strongly  tapering^  the  third  and 
fourth  joints  subequal;  stigma  rather  elongate,  rounded  below, 
broadest  near  the  base;  third  cubital  cell  very  small,  nearly  quadrate; 
procidentia  a  little  longer  than  wide,  broadly  rounded  at  the  apex; 
hypopygidium  narrow,  elongate,  apex  obtusely  pointed.  Black: 
head,  except  a  large  spot  from  the  crest  to  occipitut  not  reaching 
orbits,  prothorax,  tegulse,  upper  part  of  mesoepistemum,  metapleurae, 
venter  and  legs,  except  the  posterior  tarsi,  yellowish-white;  antenn© 
all  black.    Wings  hyaline,  iridescent;  venation  dark  brown. 

Flummer's  Island,  Maryland,  September  1,  1907.  One  male  col- 
lected by  A.  D.  Hopkins  on  Salix.  Under  the  Bureau  of  Entomology 
number  ''Hopk.U.S.6495." 

Type.— Csit.  No.  13997,  U.S.N.M. 

Genus  PACHYNEMATUS  Konow. 

PACHYNBMATUS  ALASKBNSIS,  new  species. 

PachyneTnatus  ocreatvs  Kincaid,  Proc.  Wash.  Acad.  Sci.,  vol.  2,  1900,  p.  347. 

Very  like  P.  ocreatus  (Harrington),  but  the  frontal  crest  is  broken; 
the  postocellar  area  is  not  strongly  convex,  and  is  not  wider  at  the 
occiput;  the  third  cubital  cell  is  fully  one-third  longer  than  the  third 
transverse  cubitus  on  the  radius;  and  the  tergum  is  marked  with 
piceous. 

Female. — ^Length  9  mm.  Head  expanding  behind  eyes;  labrum 
broadly  rounded  apically,  granular;  clypeus  broadly,  arcuately  emar- 
ginate,  lobes  rather  pointed;  supraclypeal  area  triangular  in  outline, 
somewhat  convex;  middle  fovea  large,  triangular,  open  above  where 
it  breaks  through  the  low  crest;  ocellar  basin  with  the  lateral  walls 
roimded;  postocellar  area  well  defined  on  all  sides,  not  strongly  con- 
vex, not  broading  posteriorly;  antenn»  long,  the  third  joint  a  little 
shorter  than  fourth;  stigma  large,  angular  at  base,  tapering  to  apex; 
abdomen  as  ocreatus.  Beddish-yellow;  antennae,  interocellar  area, 
lateral  lobes  of  mesonotum  laterally,  metanotum,  and  large  spots  on 
basal  segments  of  tei^m  black  or  black  piceous.  Wings  hyaline, 
iridescent;  venation  pale  brown,  stigma  yellowish. 

Sitka,  Alaska.  Three  females  collected  April  16,  by  T.  Eincaid 
while  on  the  Harriman  Expedition. 

Type.— Cdii.  No.  13995,  U.S.N.M. 

PACHnnOffATUS  PXCBiB,  new  species. 

May  be  separated  from  P.  ocreatus  (Harrington),  its  near  ally,  by 
the  small,  deep,  nearly  circular  middle  fovea;  in  ocreatus  the  middle 
fovea  is  large  and  triangular. 

Female. — ^Length  9  mm.  Head  expanded  behind  the  eyes;  labrum 
shining,  depressed  apically;  clypeus  subarcuately  emarginate^  lobes 
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broad,  obtuse;  supraclypeal  area  shining,  convex,  triangular  in  out- 
line; middle  fovea  smsdl,  deep,  circular,  extending  over  the  antennse; 
crest  very  poorly  defined,  antennal  furrows  continuous;  ocellar  basin 
with  the  lateral  walls  rather  sharp ;  postocellar  furrow  wanting;  post- 
ocellar  area  rather  strongly  convex,  the  lateral  furrows  curved,  broad- 
ing  posteriorly;  antennae  slender,  the  third  joint  a  little  shorter  than 
fourth;  stigma  broad,  angulate  near  base,  tapering  to  apex;  third 
cubital  cell  not  a  third  longer  on  the  radius  than  the  length  of  the 
third  transverse  cubitus;  abdomen  as  in  ocreahia.  Reddish-yellow; 
antennee,  interocellar  area,  and  on  lateral  lobes  black  or  piceous; 
pronotum  and  tegulsB  pallid;  venation  dark  brown,  stigma  and  costa 
yellowish. 

The  mesonotum  in  some  specimens  is  all  piceous. 

Male. — ^What  seems  to  be  the  male,  as  it  bears  the  same  label, 
shows  remarkable  antigeny.  Length  7.5  nmi.  Head  not  strongly 
expanded  behind  the  eyes;  head  as  in  female  except  the  frontal  crest 
which  is  broken,  and  the  indistinctly  present  postocellar  furrow; 
stigma  not  as  angular  as  in  female;  procendia  twice  as  long  as  wide, 
truncate;  hypopygidium  very  long  and  narrowing  apically  where  it 
is  truncate;  gentalia  stipes  large,  long,  exceeding  the  hypopygidium. 
Black;  clypeus,  mandibles  (apices  piceous),  face  beneath  antenn», 
posterior  orbits  narrowly  below,  tegulse,  angles  of  pronotum,  and  coxas 
beneath  paUid;  legs  below  trochanters,  except  the  posterior  tibiae  and 
tarsi,  abdomen  except  basal  plates,  apical  dorsal  segment,  hypopy- 
gidium and  gentalia  reddish.  Wings  hyaline,  iridescent;  venation 
and  stigma  dark  brown. 

Grand  Island,  Michigan.  BeiLred  from  larvae  collected  on  spruce, 
July  28,  1907,  by  A.  D.  Hopkins. 

Type.— C^t.  No.  13996,  U.S.N.M. 

SELANDRIDEA,  new  genus. 

Belong  to  the  Selandrinae  as  defined  by  Doctor  MacGillivray.  In 
Konow's  classification  it  runs  to  Selandria.  From  Selandria  in  the 
restricted  sense  it  may  be  separated  by  the  broad  malar  space,  the 
eyes  not  or  scarcely  converging  to  the  mandibles,  the  head  being  twice 
as  broad  as  high,  and  the  costa  and  subcosta  being  connected  by 
chitin. 

Genotype. — Selandridea  vanduzeei  Rohwer. 

Selandria  decorata  Cresson  should  be  placed  here,  and  it  may  be  that 
the  European  Tenthredo  flavescens  Elug  will  belong  here. 

Table  of  species. 

Fleune  laigely  pale;  lateral  ocelli  in  the  supraorbital  line vanduzeeu 

Fleurse  black;  lateral  ocelli  well  behind  the  supraorbital  line deoonUa. 
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SBLANDRIDBA  VANDUZSKU  new  ipodM. 

Male. — ^Length  7  mm.  Clypeus  shallowly  arcuately,  emarginate, 
the  lobes  broad,  rounded;  supraclypeal  fovesB  deep,  comiected  with 
the  antemial  foye»;  middle  fovea  large,  subquadrate;  ocellar  basin 
lai^e,  well  defined,  triangular  in  outline;  antenna!  furrows  nearly 
complete;  postocellar  area  well  defined;  the  lateral  ocelli  on  the 
supraorbital  line;  antenna  very  robust,  the  third  joint  one-fourth 
longer  than  the  fourth;  the  third  cubital  cell  a  little  longer  than  the 
second;  the  transverse  radius  received  in  about  the  middle  of  the  cell, 
the  transverse  median  well  beyond  the  middle;  the  lanceolate  cell  of 
the  hind  wings  sessile;  hypopygidium  shallowly  emarginate  apically. 
Reddish-brown;  flagellum,  head  (except  the  clypeus,  labrum  and 
mandibles),  mesonotum,  metanotum,  mesopectus,  and  bases  of  the 
hind  cox»  black;  wings  hyaline,  iridescent,  slightly  yellowish;  the 
costa  and  stigma  black,  venation  testaceous. 

Female. — ^Length  7.5  mm.  Differs  from  the  above  description  of 
the  male  in  the  parted  postocellar  area,  and  the  lower  part  of  the 
mesopleurffi  being  black.  Sheath  slender,  straight  above,  apex 
broadly  roimded. 

Buffalo,  New  York.  A  male  and  female  collected  by  M.  C.  Van 
Duzee,  for  whom  the  species  is  named,  June  4,  1910.  Also  four  males 
from  Canada  without  definite  data.  * 

Type.— Cat.  No.  13998,  U.S.N.M. 

Genus  NESOSELANDRIA  Rohwer. 

NBSOSELANDRIA  RUTOlfOTA,  turn  i 


Apparently  related  to  Sdandria  crassa  Cameron  and  Sdandria 
rufrcoUis  Norton,  but  does  not  agree  with  the  descriptions  of  either  of 
these. 

Male. — ^Length  5  mm.  Supraclypeal  fovero  wanting;  antennal 
fovesB  hardly  defined;  supraclypeal  area  subconvex;  middle  fovea 
very  poorly  defined,  transverse,  walls  rounded;  lateral  foveas  small, 
punctiform;  postocellar  area  hardly  defijied,  lateral  furrows  puncti- 
form;  postocellar  line  subequal  with  the  ocelloccipital  and  ocellocular 
lines;  stigma  short,  about  two  and  one-half  times  as  long  as  greatest 
width,  subangulate  below;  transverse  radius  a  little  beyond  the 
middle  of  cell;  hypopygidium  long,  narrow,  broadly  rounded  apically. 
Black;  clypeus,  labrum,  legs  (except  the  infuscate  posterior  tibisB  and 
tarsi)  brownish-white;  pronotimi,  tegulsB,  first  perapteron  and  meso- 
scutum  rufous.    Wings  uniformly  brownish;  venation  black. 

Acapulco,  Mexico.    One  male  collected  July  29,  by  F.  Knab. 

Type.— Ceit.  No.  13999,  U.S.N.M. 
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Genus  ANEUGMENUS  Hartig. 

ANSUGBCENUS  FLAVIPBS  FLAVIPBS  (IfoitMi.). 

This  subspecies  occurs  from  Canada  to  Georgia  and  west  to  Michi- 
gan. The  wings  vary  from  hyaline  to  the  basal  portion  being  strongly 
infuscate. 

AinSUGMBNUS  FLAVIPBS  OCCIDBNTALIS.  IMW  tabapaGiM. 

FemdU. — Differs  from  the  typical  form  in  the  poorly  defined  ocellar 
basin,  the  lateral  walls  being  present  above,  but  the  lower  wall  is 
wanting.    The  antennsB  are  somewhat  shorter.    Wings  hyaline. 

Colorado.    One  female. 

Type,— Csit.  No.  13939,  U.S.N3f . 

AITBUGMBNUS  FLAVITARSIS,  IMW  ipodM. 

This  and  the  following  new  species  may  be  separated  from  Jlavipea 
(Norton)  by  the  lateral  walls  of  the  ocellar  basin  being  subparallel, 
toucliing  the  inner  margins  of  the  oceUi,  the  basin  being  open  above. 
(Jajlavipes  the  basin  is  triangular,  the  lateral  waUs  meeting  above 
and  between  the  ocelli.) 

Female, — ^Length  5.5  mm.  Antennal  foveae  and  supraclypeal 
fovese  confluent,  the  latter  hardly  defined;  supraclypeal  area  convex; 
lateral  fovero  a  little  above  the  level  of  the  middle  fovea,  subcircular 
in  outline;  middle  fovea  transverse,  curved,  well  defined;  postocellar 
line  subequal  with  the  ocellocular;  postocellar  area  convex,  sharply 
bounded  laterally;  flagellum  wanting;  stigma  broadly  rounded. 
Black  shining;  labrum,  posterior  angles  of  pronotmn,  tegul»,  and 
legs  below  bases  of  coxae  pale  yellow;  apex  of  clypeus  brownish; 
wings  strongly  fuscous  at  base,  venation  dark  brown  paler  apically. 

Florida.    One  female  collected  on  "Palm." 

Type,—Ceii.  No.  13941,  U.S.N.M. 

ANBUGMENUS  mGIUTARSIS,  new  ipodM. 

Female, — ^Length  5  mm.  Differs  from  jlavitarsis  by  having  the 
middle  fovea  irregularly  circular,  and  the  tarsi  (apicies  of  posterior 
tibiffi)  black.  Antennae  pilose,  tapering,  third  joint  distinctly  longer 
than  the  fourth. 

Male. — Length  5  mm.  Very  like  the  female.  Hypopygidium 
broadly  rounded  apical. 

San  Rafael,  Jicoltepec,  Mexico.     Female  and  two  males. 

Type.— Cat.  No.  13940,  U.S.N.M. 

ANBUGMBNUS  DIVBRSICOLOR,  new  ipodM. 

Easily  known  from  the  other  species  by  the  second  to  sixth  abdom- 
inal segments  being  ferruginous. 

JfoZe. — ^Length    5.5    mm.     Antennal    and    supraclypeal    fove« 

shallow  and  very  poorly  defined;  supraclypeal   area  flat;  middle 

fovea  transverse,  not  sharply  defined;  lateral  fove»  well  defiined 

'^mctiform;  ocellar  basin  of  the  type  of  Jhmpes,  but  poorly  defined 
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aad  with  the  rounded  lower  wall  broken;  postocellar  area  convex, 
bounded  laterally  by  punctiform  fovese;  postocellar  line  longer  than 
the  ocelloccipitid  but  shorter  than  the  oceUocular;  antennse  sub- 
pilose  robust,  not  tapering,  third  joint  longer  than  the  fourth;  stigma 
rounded  beneath,  truncate  apicaUy;  claws  with  a  small  basal  tooth; 
hypopygidium  broadly  subangulate  apically.  Black;  clypeus,  lab- 
rum,  palpi,  and  anterior  tibi»  and  tarsi  white;  t^ulse,  legs  except 
most  of  posterior  tibiss  and  tarsi,  abdominal  segments  two  to  six 
ferru^ous.    Wings  dusky  hyaline,  iridescent;  venation  dark  brown. 

Mexico.    One  male  from  the  C.  F.  Baker  collection. 

Type.—Cnt.  No.  13942,  U.S.N3i. 

Genus  STROMBOCEROS  Koncw. 

Stnmbooeroi  Eonow,  Wien.  Ent.  Zeit.,  vol.  4, 1885,  pp.  19  and  20. 
WaldhemioL  Exrbt,  list  Hym.  Brit.  Mub.,  vol.  1, 1882,  p.  326  (not  Bnill6). 
Waldheimia  Ashmbad,  Gan.  Ent.,  vol.  30, 1898,  p.  307  (not  Bnill6). 

Brull6  ^  in  describing  the  genus  WaWieimia  named  the  genotype 
Tenikredo  IrazUensia  Lepeletier.  The  type  of  Tenthredo  brazUeTma 
Lepeletier  seems  to  have  been  lost,  at  least  it  is  not  in  the  Museum 
of  Paris,  but  Konow'  places  as  a  synonym  of  Lepeletier's  species 
his  Manaphadnus  aheaJhis,  which  should  stand  as  a  proi^ype  of 
TenOvredo  brasgUerisis  Lepeletier.  This  makes  the  genus  faU  in 
KonoVs  Blennocampidea  and  not  near  Strongylogaster,  as  Ashmead 
and  Ejrby  have  it.  Ashmead  and  Ejrby  probably  followed  the 
figure  of  Waldheimia  orbignyana  Brulle'  which  belongs  in  Stromr 
boceras  sensu  laiariore. 

Stramhoeeros  Konow  may  be  divided  into  a  number  of  species 
groups.    The  following  are  in  the  material  in  the  Museum: 

Key  to  Svhgmera. 

Hind  baaitanis  much  eliorter  than  the  following  joints;  (clypeus  truncate). 

BuMhmnboceroB  Rohwer. 

Hind  baaitanis  subequal  with  or  longer  than  the  following  joints 1 

1.  Clypeus  distinctly  emaiginate Strombocem  Eonow. 

Clypeus  truncate  or  nearly Strcmboceridea  Rohwer. 

Subgenus  STBOMBOCBBOS,  Sensu  Striottore. 
SntOMBOCSROS  (SntOMBOCBROS)  BABBBTTI,  saw  tgtdm. 

Female. — ^Length  6.5  mm.  Clypeus  with  a  V-shaped  emargination 
lobes  broad,  obtuse  apicaUy;  supraclypeal  fovesB  connected  with  the 
antennal  fovese  which  are  large  and  extend  a  little  above  the  lower 
border  of  the  ocellar  basin  where  they  are  boimded  by  a  transverse 
carina;  antennal  furrows  nearly  complete  above  the  fove®;  middle 
fovea  oval,  well  defined ;  ocellar  basin  sharply  defined,  large,  V-shaped, 

iHirt.Nat.IlMetiH7m.,ToL4,184^p.06S.         >  PL  48,  flgi.  8, 8a,  85,  Hist.  Nat  Insects  Hym. 
>Zett.  Hym.  o.  Dipt,  VOL  4, 1904»  p.  243. 
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but  entirely  inclosed;  postocellar  furrow  wanting;  postocellar  area 
transverse  sharply  bounded  laterally;  postocellar  line  subequal  with 
the  ocellocipital  line  but  much  shorter  than  the  ocellocular  Ime; 
antennsd  pilose,  tapering,  third  joint  distinctly  longer  than  the  fourth, 
pedicellum  much  longer  than  broad;  stigma  angled  near  the  base, 
strongly  tapering;  transverse  radius  in  apical  third  of  cell;  third 
cubital  cell  shorter  than  the  second,  much  broader  apically;  trans- 
verse median  in  about  the  middle  of  the  cell;  lanceolate  cell  of  the 
hind  wings  sessile;  hind  basitarsis  slightly  longer  than  the  following; 
claws  with  a  large  basal  tooth,  at  some  angles  appearing  cleft;  sheath 
obliquely  rounded  apically.  Rufo-ferruginous;  antenna,  head  (ex- 
cept pallid  palpi),  pro-pleursd  and  sternum,  meso-and  meta-pleursB 
and  sternum,  posterior  tibi»  and  tarsi  black;  intermediate  tarsi 
brownish;  wings  dusky  hyaline,  venation  dark  brown. 

Tacubaya,  Mexico.  One  female  collected  by  O.  W.  Barrett  for 
whom  the  species  is  named.  Doctor  Ashmead's  manuscript  name  is 
used  for  this  species. 

Type.— €at.  No.  14000,  U.S.NJ4. 

ST&OMBOCEBIDIA,  new  tubcenns. 

Oenotype, — Stromboceros  (Stromboceridea)  pUosulua  Rohwer. 
The  following  species  all  have  the  pedicellum  much  longer  than 
broad. 

8TROMBOCSR08  (STROBIBOCBiaDBA)  FfLOSULUS,  iMw  ipodM. 

Female. — Length  8  nmi.  Clypeus  convex,  apex  nearly  truncate; 
supraclypeal  area  flat;  supraclypeal  fovesB  very  shallow  connected 
with  the  antennal  fovesB  which  are  small;  middle  fovea  shallow  sub- 
quadrate,  with  a  glabrous  spot  in  the  center;  lateral  fovese  punctiform 
a  Uttle  above  the  level  of  the  middle  fovea;  antennal  furrows  incom- 
plete present  at  intervals;  ocellar  basin  with  sharp  ridges  laterally 
which  meet  above,  open  below;  a  small  fovea  in  front  of  the  anterior 
ocellus;  postocellar  area  subquadrate,  sharply  defined  laterally;  post- 
ocellar line  shorter  than  the  ocelloccipital  and  ocellocular  lines;  front 
below  the  ocelli  roughened;  eyes  nearly  parallel;  antennro  subpilose, 
robust,  apical  joints  flattened,  tapering,  third  joint  nearly  as  long  as 
the  fourth  and  fifth,  pedicellum  much  longer  than  broad;  stigma 
tapering;  transverse  radius  near  apex  of  cell;  transverse  median  but 
little  beyond  the  middle;  lanceolate  cell  of  the  hind  wings  sessile; 
hind  basitarsis  slightly  longer  than  the  following;  claws  cleft,  the 
inner  tooth  shorter.  Black;  clypeus,  labrum,  first  two  antennal 
joints,  base  of  third,  prothorax,  tegulro,  legs  (except  most  of  hind 
femora  and  apex  of  hind  tibisB)  pale  yellow;  sides  of  mesoprescutum, 
scutellum,  upper  part  of  mesoepistemum,  three  basal  abdominal 
segments  reddish-yellow;  wings  yellowish-hyaline;  costa  and  stigma 
reddish,  rest  of  the  venation  dark  brown;  front,  clypeus,  thorax  and 
legs  with  yellowish  pile. 
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Cordoba,  Mexico.    One  female  collected  June  14, 1905,  by  F.  Knab. 
Type.— Cs,t.  No.  14001,  U.S.N.M. 

STROBCBOCSROS  (STROBCBOCSRIDBA)  PLBSinS,  new  ipodM. 

Related  to  Strornboceros  rnaculipennis  (Cameron),  which  belongs 
to  the  same  group,  but  the  mesoprescutum  is  margined  with  a  cream 
colored  band,  and  the  antennsB  are  not  as  strongly  spinose  beneath. 

Female. — ^Length  10  mm.  Clypeus  truncate,  lateral  angles 
rounded;  supraclypeal  fove»  very  small,  punctiform;  antennal 
fovesB  wanting  as  are  also  the  antennal  furrows;  middle  fovea  hardly 
defined,  large  and  shallow;  lateral  fove»  small,  punctiform;  ocellar 
basin  wanting;  postocellar  line  much  shorter  than  the  oceUoccipital 
or  oceUocular  line;  postocellar  area  transverse,  well  defined  laterally; 
eyes  nearly  parallel;  antennaB  pilose,  long  tapering,  third  joint  but 
very  little  longer  than  fourth,  pedicellum  much  longer  than  broad; 
stigma  nearly  parallel  sided,  sharply,  obliquely  truncate;  venation  as 
maculipennis;  lanceolate  cell  of  hind  wings  sessile;  hind  basitarsis 
subequal  with  the  following  joints;  claws  cleft;  sheath  narrow 
obtusely  rounded.  Creamish-yellow;  flagellum,  head  above  middle 
of  eyes,  middle  of  mesoprescutum,  mesoscutum,  scutellum,  meso- 
sternum,  mesoepimeron,  apical  three  abdominal  segments,  apical 
four  joints  of  intermediate  tarsi,  apex  of  posterior  tibise  and  their 
tarsi  black.  Wings  black  with  a  broad  yellow  band  in  the  middle, 
venation  the  color  of  wings. 

Santa  Rosa,  Mexico.    One  female  collected  by  WUliam  Schaus. 

Type.— Cs^t.  No.  14002,  U.S.N.M. 

STROBCBOCSROS  (STROMBOCSRmBA)  USICHI,  new  ipodM. 

Male. — ^Length  7.5  nun.  Clypeus  broadly  rounded;  suprachpeal 
area  flat;  supraclypeal  fovesB  small  punctiform;  antennal  fovese  very 
shallow,  poorly  defined;  antennal  furrow  nearly  complete,  but  not, 
sharply  defined;  middle  and  lateral  foveae  punctiform,  the  latter 
above  the  former  and  much  better  defined;  ocellar  basin  small,  just 
around  the  ocellus;  postocellar  furrow  wanting;  postocellar  line  sub- 
equal  with  the  oceUoccipital  line,  much  shorter  than  the  ocellocular 
line;  postocellar  area  transverse;  pedicellum  much  longer  than 
broad,  rest  of  the  antennsB  wanting;  stigma  rounded  below,  truncate 
apically;  transverse  radius  in  apical  third;  third  and  second  cubital 
cells  subequal;  transverse  median  somewhat  beyond  the  middle; 
lanceolate  cell  of  the  hind  wings  sessile;  hind  basitarsis  subequal  with 
the  following  joints;  claws  with  an  erect  inner  tooth;  hypopygidium 
narrow,  broadly  rounded  apically.  Pale  yellowish;  pedicellum,  pos- 
terior orbits  and  head  above  the  middle  of  the  eyes,  mesoscutum, 
intermediate  tarsi,  most  of  the  posterior  tibisB,  their  tarsi  black;  apex 
of  the  abdomen  brownish;  wings  hyaline,  slightly  brownish  apically; 
venation  pale  brown;  stigma  yellowish. 
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Trinidad,  West  Indies.  One  male  collected  by  F.  W,  Urich,  July, 
1899.  Doctor  Ashmead's  manuscript  name  is  used  for  this  species. 
Named  for  the  collector. 

Type.— Ce^t  No.  14003,  U.S.N.M. 

8TROMBOCSR08  (STROMBOCSRTOBA)  PALUDICOSHXS,  iww  ipodM. 

Apical  joints  of  antennro,  thorax  and  abdomen  marked  with  yellow. 

Female. — ^Length  6  mm.  Clypeus  gently,  arcuately  emarginate; 
middle  and  frontal  foves  small,  shallow,  subcircular  in  outline;  anten- 
nal  furrows  very  poorly  defined,  incomplete;  ocellar  basin  large, 
extending  almost  to  the  bases  of  antenna,  walls  rounded,  stronger 
below;  postocellar  line  distinctly  shorter  than  the  ocellocular  line 
and  but  little  shorter  than  the  ocelloccipital  line;  antennsB  slender, 
pilose,  wanting  beyond  the  sixth  joint,  third  and  fourth  joints  sub- 
equal;  stigma  angulate  near  base,  tapering  to  the  apex;  second 
cubital  cell  slightly  longer  than  the  third;  transverse  median  vein 
slightly  beyond  the  middle  of  cell;  tibiae  and  tarsi  pilose;  calcaria 
short  and  stout;  sheath  slender,  straight  above,  obliquely  truncate 
at  apex,  gradually  broadening  basally.  Black  and  yellow;  the  fol- 
lowing parts  black;  head  (except  clypeus,  labrum,  mandibles  apicies 
of  later  piceous),  third  and  base  of  fourth  antennal  joints,  propleurs, 
middle  of  mesoprescutum,  mesoscutum,  meso-  and  metapleur»  and 
stumum  (except  a  large  spot  on  mesoepistumum),  posterior  1^ 
below  trochanters  (except  apicies  of  femora),  spot  on  apical  dorsal 
segments  and  sheath  black;  wings  dusky  hyaline;  venation  black. 
Intermediate  tarsi  are  sometimes  dusky. 

Medan,  Sumatra.    Six  females  collected  by  L.  B.  du  Bussey. 

Type.—CAt.  No.  14004,  U.S.N.M. 

XirST&OMBOCBBOS,  new  f  ubgeniis. 
Oenatype. — Stramboceros  (Eustromboceros)  mdanopteraa  Rohwer. 

*PBDIOELLUM  WmSR  THAN  LONG. 
STROBCBOCSROS  (BUSTRGMBOCSROS)  MKLANGPTBRUS,  new  tpedac 

Rufo-ferruginous  marked  with  black;  hind  tibi®  and  tarsi  black. 

Female. — ^Length,  8.5  mm.  Clypeus  truncate;  supraclypeal  fovea 
deep,  circular;  antennal  fove»  poorly  defined  below,  V-shaped  above; 
ocellar  basin  bounded  by  line-like  carina  which  extends  between  the 
bases  of  antenns,  making  the  basin  diamond  shape;  antennal  furrows 
wanting;  a  depressed  area  outside  each  lateral  ocellus;  postocellar 
furrow  angular;  postocellar  area  transverse;  postocellar  line  shorter 
than  the  ocelloccipital  and  much  shorter  than  the  ocellocular;  antennie 
subpilose,  stout,  filiform,  third  joint  but  little  longer  than  the  fourth 
pedicellum,  much  broader  than  long;  stigma  hardly  tapering,  apex 
obliquely  truncate;  transverse  radius  but  a  little  distance  beyond 
middle  of  cell;  transverse  median  lees  than  its-  length  from  apex  of 
cell;  lanceolate  cell  of  hind  wings  sessile;  hind  basitarsissubequal  with 
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length  of  two  following  joints.  Rufo-ferruginous;  antennee,  head 
(except  clypeus,  labrum,  and  base  mandibles),  spots  on  mesoscutum 
and  mesoprescutum,  mesostemuni;  sheath,  intermediate  tarsi,  pos- 
terior tibia  and  tarsi  black;  wings  black. 

Federal  District  of  Mexico.    One  female  from  Gnillarmo  Gandara. 

Type.— CsLt.  No.  14005,  U.S.N.M. 

SntOlCBOCSROS  (JCUSTROliBOCSROS)  ZAUTHOOASTSR,  new  tpectos. 

Male. — ^Length  8  mm.  May  be  the  male  of  S.  mdanopteras  but 
differs  in  the  following  color  characters:  Thorax  (except  the  prono- 
tum)  and  basal  plates  black.  Hypopygidium  broadly  rounded  api- 
cally,  tipped  with  black. 

Federal  District  of  Mexico.    One  male  from  GuiUarmo  Gandara. 

Type.— CB,t.  No.  14006,  U.S.N.M. 


SntOlOOCSROS  (SU8TROMBOCSROS)  OAHDARAI,  new  t 

Wings  black,  head  black. 

Male. — ^Length  8.5  mm.  Clypeus  truncate ;  supraclypeal  f oveae  deep, 
punctiform;  antennal  foveae  shallow,  not  well  defined;  supraclypeal 
area  nearly  flat;  lateral  foveae  punctiform,  a  little  above  the  level  of 
the  middle  fovea;  middle  fovea  transverse  oval  well  defined;  anten- 
nal furrows  wanting;  ocellar  basin  large,  rectangular,  not  sharply 
defined  above;  postocellar  area  transverse,  sharply  defined  laterally; 
postocellar  Une  longer  than  the  ocelloccipital  but  shorter  than  the 
ocellocular  lines;  eyes  strongly  converging  to  the  clypeus;  antenna 
subpilose,  filiform,  the  third  and  fourth  joints  subequal,  pedicellum 
wider  than  long;  stigma  strongly  tapering;  transverse  radius  but  little 
beyond  the  middle  of  cell;  third  cubital  cell  longer  than  the  fourth; 
cubitus  with  a  spurious  vein  near  the  base;  transverse  median  less 
than  its  length  from  middle;  lanceolate  cell  of  the  hind  wings  sessile; 
hind  basitarsis  much  shorter  than  the  following  joints;  hypopygidium 
short,  broadly  rounded  apically .  Black;  pronotum,  small  lateral  spots 
of  anterior  part  of  mesoprescutum,  tegul®,  first  perapteron,  upper 
part  of  mesoepimeron,  posterior  face  of  mesoscutum,  dorsal  abdom- 
inal segments  three  to  six,  rosy  red  (perhaps  due  to  potassium  cyan- 
ide), four  anterior  tibi®  and  apical  part  of  femora  beneath,  posterior 
knees  pale  yellowish;  wings  black. 

Federal  District  of  Mexico .  One  male  from  Guillermo  Gandara,  ento- 
mologist of  Estacion  Agricola  Central,  for  whom  the  species  is  named. 

Type.—CsLt.  No.  14007,  U.S.N.M. 

**PBDICBLLUX  MUCH  LONOBB  THAN  Wn>B. 
SntOMBOCSROS  (BUSTROIOOCSROS)  LKUC08T0MUS,  new  tpedes. 

Superficially  like  Stramboceros  (olim  Sdandria)  curialia  (C!resson), 
but  that  species  has  the  third  joint  of  the  antennse  longer  than  four 
plus  five,  and  the  hind  basitarsis  as  long  as  the  following  joints. 
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Female. — ^Length  8.5  mm.  Clypeus  rather  shallowly  arcuately 
emarginate  anteriorly,  basally  transyersely  convex;  antennal  and 
supraclypeal  foveee  confluent;  middle  fovea  large,  subquadrate,  well 
defined;  lateral  fovese  sharply  defined,  confluent  with  the  large  anten- 
nal fove^e  below,  above  the  level  of  the  middle  fovea;  ocellar  basin 
triangular  in  outline,  better  defined  above;  frontal  crest  well  defined; 
antennal  furrows  complete  to  the  crest  from  the  occiput;  postocellar 
furrow  curved  anteriorly;  postocellar  line  shorter  than  the  ocelloo- 
cipital  or  ocellocular;  postocellar  area  subquadrate;  antennae  pilose, 
short,  tapering  beyond  middle,  third  joint  longer  than  the  fourth  and 
fifth;  stigma  tapering;  transverse  radius  in  apical  fourth  of  cell; 
transverse  median  much  beyond  the  middle;  lanceolate  cell  of  the 
hind  wings  sessile;  hind  basitarsis  much  shorter  than  the  following. 
Black;  clypeus,  labrum,  apical  joints  of  palpi,  narrow  posterior  mar- 
gin of  pronotum,  tegul»,  four  anterior  femora  beneath,  apicles  of 
coxfiB,  trochanters,  bases  of  posterior  femora,  tibiee  except  apicies  (the 
band  is  incomplete  on  the  four  anterior  ones)  and  anterior  tarsi  white. 
Wings  dusky  hyaline,  iridescent;  venation  black. 

Federal  District  of  Mexico.  One  female  from  Guillermo  Grandara 
of  Estacion  Agricola  Central. 

Type.— Cat.  No.  14008,  U.S.N.M. 

Genus  STRONGYLOGASTER  Dahlbom. 
STRONGTLOOA8TBR  TDBBRCXTUCBPS,  new  t 


Readily  distinguished  from  StroTigylogaster  tacUus  Norton  by  the 
strongly  parted  postocellar  area,  shining  ocellar  and  frontal  areas 
and  the  better  defined  ocellar  basin. 

Female. — ^Length  7  nun.  Clypeus  angulately  emarginate,  lobes 
broad,  triangular,  surface  very  coarsely  sculptured;  supraclypeal 
fovesB  lai^e,  circular  in  outline;  supraclypeal  area  subconvex, 
smooth  shining;  antennal  foveas  large  sharply  defined,  and  subangu- 
late  above;  antennal  furrows  complete  from  the  fovesB,  deeper  at  the 
postocellar  area;  middle  fovea  small,  oval  in  outline;  oceUar  basin 
shining,  well  defined  laterally,  triangular  in  outline;  postocellar 
furrow  poorly  defined;  postocellar  line  shorter  than  either  the 
ocelloccipital  or  ocellocular;  postocellar  area  strongly  convex,  parted 
in  the  middle  which  makes  it  appear  bituberculate;  first  and  second 
flagellar  joints  subequal;  head  shining,  with  irregularly  scattered, 
distinct  punctures;  mesonotum  shining,  practically  impunctuate; 
third  cubital  cell  much  longer  than  the  second  receiving  the  trans- 
verse radius  near  apical  third;  transverse  median  somewhat  beyond 
the  middle;  sheath  obtusely  rounded  apically.    Black;  anterior  tibis 
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brownish  beneath;  abdomen  except  apex  of  sheath  nifofemiginous. 
Wings  and  venation  black. 

Tampa,  Florida.     One  female  collected  April  28. 

Type.— CaL  No.  14009,  U.S.N.M. 


STRONGTLOGASTBR  MELAIVOOASTBR,  new  i 

DiflFers  from  Strongylogaster  v/ncus  Norton  in  the  black  abdomen^ 
and  more  broadly  truncate  hypopygidium. 

Male, — ^Length  7  mm.  Clypeus  with  a  rather  narrow  arcuate 
emargination,  lobes  broad  obtusely  pointed;  supraclypeal  area 
strongly  convex;  supraclypeal  fove»  deep,  circular  in  outline; 
antennae  fove®  narrow,  elongate,  sharply  defined;  antennal  furrows 
present,  but  poorly  defined  from  fove«e,  nearly  complete  subpuncti- 
form  at  postocellar  area;  middle  fovea  rather  large,  circular  in  out- 
line; ocellar  basin  subtriangular,  shining,  poorly  defined;  postocellar 
furrow  present;  postocellar  line  slightly  longer  than  the  ocellocci- 
pital  but  shorter  than  the  ocellocular;  postocellar  area  shining, 
transverse,  not  parted;  third  and  fourth  antennal  joints  subequal; 
front  very  closely  punctured,  occiput  very  sparsely  so;  pronotum 
punctured;  meso thorax  shining,  nearly  impunctate;  third  cubital 
cell  much  longer  than  the  second,  receiving  the  transverse  radius 
near  apical  third;  transverse  median  beyond  the  middle;  hypopy- 
gidium broadly  truncate.  Black;  mesoepimeron,  mesoprescutum 
and  scutum,  rufous;  tip  of  clypeus  and  anterior  tibi«e  beneath  brown- 
ish.    Wings  and  venation  black., 

Jacksonville,  Florida,  two  males;  St.  Nicholas,  Florida,  four  males. 
All  from  the  Ashmead  collection. 

Type.— Cat.  No.  14010,  U.S.N.M. 

Genus  HEMITAXONUS  AshmeacL 

Epitaxonus  MacGilliybay,  Can.  Ent.,  vol.  40, 1908,  p.  365. 

The  characters  oflFered  by  Rohwer  *  to  separate  Epitaxonus  from 
Hemitaxonus  are  not  even  of  specific  value.  In  a  bred  series  of 
Hemitaxonus  dubitatus  the  relative  length  of  the  third  cubital  cell 
and  the  appendiculation  of  the  hind  radial  cell  varies  considerably. 
The  other  characters  are  of  but  little  value,  the  relative  difference 
between  the  length  of  the  joints  of  maxillary  palpi  and  hind  tibi» 
is  not  great  enough  to  be  of  any  value. 

HEMTTAXONUS  DUBFIATUS  tit.  ABOCnS  (N«ito&). 

Taxonus  albidopictus  Dyab,  Journ.  New  York  Ent.  Soc,  vol.  5, 1897,  p.  20. 
HemvtaxoniLS  albidopictus  Rohweb,  Proc.  U.  S.  Nat.  Mus.,  vol.  38,  1910,  No. 
1739,  p.  204. 

The  specimens  in  Doctor  Dyar's  collection  labeled  Taxonus  albir 
dopictuSj  which  were  reared  from  the  larvae  described  in  the  above 

1  Can.  Ent.,  vol.  42, 1910,  p.  fiO. 

Digitized  by  VjOOQIC 


398 


PB0CEBDING8  OP  THE  NATIONAL  MUSEUM. 


▼OL.41. 


reference,  are  typical  specimens  of  amicus  (Norton),  agreeing  exaycti 
with  the  type.  Doctor  Dyar  writes  that,  *'The  larv»  of  these  two 
species  [dubiUUua  and  amicus]  of  Taxarms  can  not  be  certainly  dis- 
tinguished/' The  adults  offer  only  varietal  differences,  if  that. 
Norton,  in  the  original  description,  su^ested  that  amicus  would  only 
be  a  variety  of  dubitatus. 

HXMrrAZONUS  ALBXDOPICTUS  (Nwtom). 

Taxonu$  aUndopictuB  Norton,  Trans.  Amer.  Ent.  Soc.,  vol.  2, 1868,  p.  213,  No.  6. 
EemUaxanus  rvtfopeduB  Rohwbr,  Proc.  U.  &  Nat.  Mus.,  vol.  38,  No.  1738, 1910, 
p.  204. 

There  can  be  no  doubt  about  this  synonymy. 

Genus  SCOLIONEURA  Konow. 


SCOUOmtUltA  LUTBOPICTA,  M 

May  be  separated  from  8.  popvli  Marlatt  by  the  following  com- 
parison: 

Seolioneura  populi  Marlatt.  SooKonewra  luUopida  Rohwer. 


1.  Middle    fovea    somewhat    pryifonn, 

broader  below. 

2.  Antennal  furrows  without  a  distinct 

punctiform  fovea  below  the  level  of 
ocelli. 

3.  Ocellar  basin  rather  well  defined. 

4.  Postocellar  area  not  parted. 

5.  Apical  antennal  joint  rounded  at  the 

apex,  subequal  with  the  preceding. 

6.  Antennal  furrows  black. 


7.  Pectus  black. 


FEMALE. 

1.  Middle  fovea  smaller,  rectangular  in 

outline. 

2.  Antennal  furrows  with  a  distinct  punc- 

tiform  fovea   below   the   level   of 
ocelli. 

3.  Ocellar  basin  hanily  defined. 

4.  Postocellar  area  parted  by  a  faint  me- 

dian furrow. 

5.  Apical  antennal  joint  tapering  and  dis- 

tinctly longer  than  preceding. 

6.  Antennal   furrows  pale,   except  the 

punctiform  fovea. 


7.  Pectus  pale. 


Brookings,  South  Dakota.    Two  males  and  one  female  bred  from 
Cottonwood  (Popvlus)  June  20, 1892. 
Type.— Cat.  No.  14011,  U.S.N.M. 

Genus  EMPRIA  Lepeletier. 

EMPRIA  SCHWARZI,iM 


Related  to  Empria  rruiculata  (Norton),  but  may  be  known  from 
that  species  by  the  black  clypeus,  darker  venation,  depressed  area  in 
the  top  of  inner  orbits,  and  more  shining  dorsulum.  The  black 
clypeus,  dark  venation,  aonulated  posterior  legs,  and  robust  truncate 
sheath  are  characters  to  help  distinguish  this  species. 
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Female. — ^Length,  7  mm.  Labrum  rounded  on  the  anterior  mar^ 
gin;  clypeus  emarginate,  with  a  small  inner  tooth,  a  poorly  defined 
carina,  the  surface  coarsely  granular,  antennal  fovea  large,  extending 
much  above  the  insertion  of  the  antennae;  a  low  hump  between  the 
antennae;  middle  fovea  small,  well  defined;  antennal  furrows  nearly 
complete;  V-shaped  depressions  below  and  above  the  anterior  ocellus; 
postocellar  line  present;  the  area  near  the  top  of  the  inner  orbits 
somewhat  depressed;  head  rather  coarsely  granular  below  the 
supraorbital  line,  shining  above  it;  antennae  very  like  macuUUa; 
dorsulum  shining;  stigma  broadest  at  the  base,  tapering  to  the  apex; 
first  transverse  cubitus  wanting;  sheath  robust,  truncate;  saw  dark, 
with  strong,  sharp  teeth  pointing  toward  the  base  near  the  apex,  the 
base  without  teeth,  the  upper  part  not  dentate,  rather  irregular. 
Black;  labrum,  apical  palpi  joints;  four  anterior  legs  below  femora 
and  the  trochanters,  basal  half  of  posterior  tibiae  and  post^basitarsis, 
yellowish- white;  the  usual  abdominal  spots  greenish- white;  wings 
clear  hyaline,  venation  black;  eyes  in  life  dark-iridescent  green. 

Plununer's  Island,  Potomac  River,  Maryland.  One  female  col- 
lected by  E.  A.  Schwarz. 

Type.— Ceit.  No.  14012,  U.S.N.M. 

Genus  AMETASTEGIA  A.  Costa. 

Taxonut  (subgenus)  Rohwbr,  Froc.  U.  S.  Nat.  Mus.,  vol.  39,  No.  1777,  1910, 

p.  111. 
A(modyctium  Ashmbad,  Can.  Ent.,  vol.  30, 1898,  p.  309. 
Taxtmui  (l£ac  Gilliviay)  Vibbbok,  New  Jeraey  State  Mus.,  (1909)  1910,  p.  582 

(part). 

The  incorrect  remarks  about  the  type  of  the  genus  Taxonus  ^ 
when  corrected  does  not  make  Ametastegia  a  synonym  of  Taxorms, 
but  leaves  it  the  first  name  available  for  the  subgenus  Taxonus  as 
defined  by  Rohwer.'  The  genus  Aomodyctium  Ashmead  was  founded 
on  a  male  of  Strongyhgaster  abnormis  Provancher,  which  belongs  to 
Ametastegia.  Aomodyctium  Ae hmead  is,  therefore,  a  synonym  of  the 
older  genus  Ametastegia  A.  Costa.  The  hind  basitarsis  is  shorter 
than  the  following  joints.  Those  who  hold  that  a  genus  is  without 
standing  until  it  has  a  species  placed  in  it  will  accredit  the  genus 
Aomodyctium  to  the  present  paper. 

XMPHTTINA,  new  anbgeniu. 

Genotype. — Emphytina  putchdla  Rohwer. 

Separated  from  Ametastegia  Costa  (s.  s.)  by  somewhat  different 
habitus  and  loss  of  the  first  transverse  cubitus.    The  species  belong- 

1  See  Pioc.  U.  S.  Nat.  Mas.,  vol.  30,  No.  1777,  p.  Ill;  BnlL  Tech.  8er.  No.  30,  pt.  2,  U.  S.  Dep.  Agr.,  Bur. 
£nt.,1011,p.9O. 
<  FIDO.  U.  8.  Nat.  Mas.,  vol.  80, 1010»  p.  lU. 
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ing  here  have  usually  been  placed  in  Emphytua  Elug.  Includes  the 
following  species:  [Nearctic]  canadensis  (Kirby),  inomaitLS  (Say), 
aperta  (Norton)  angustus  (Kincaid),  puchdla  Rohwer,  virginica 
Rohwer,  paUidiscapa  Rohwer,  pUsia  Rohwer,  strameneipes  (Cresson) ; 
[Palsaarctic]  grossvlarisR  (Klug),  tener  (Fallen),  carpini  (Hartig), 
perla  (Klug).  More  of  the  Palsearctic  species  may  belong  here,  but 
these  are  all  that  at  present  can  be  placed  with  any  certainty. 

Key  to  Nearctic  species. 

Abdomen  black,  not  marked  with  pale;  clypeus  black  or  moetly 1 

Abdomen  strongly  marked  with  pale;  clypeus  white 2 

1.  Angles  of  pronotum  pale;  a  pale  spot  above  intermediate  coxbb;  stigma  nazrow 

elongate,  hardly  rounded  below inomatus  (Say). 

Angles  of  pronotum  black;  pleurse  all  black;  stigma  shorter,  robust,  rounded 
below canadensis  (Kirby). 

2.  Pectus  and  lower  part  of  pleurse  pale 3 

Pectus  black 6 

3.  Middle  fovea  large,  subcircular,  rather  deep pulchella  Rohwer. 

Middlefovea  wanting  or  at  most  indicated 4 

4.  Scape  pale;  postoceUar  line  present paUidscapa  Rohwer. 

Scapa  black;  postocellar  line  wanting 5 

5.  Lobes  of  the  clypeus  obtuse stramineipes  (Gresson). 

Lobes  of  the  clypeus  acute virginica  Rohwer. 

6.  Scape  pale;  clypeus  slightly  emarginate angttstus  (Eincaid). 

\  (Norton). 
I  Rohwer. 

BMPHYTINA  PULCHELLA*  nsw  Bpadea. 

Female. — ^Length,  6.5  mm.  Clypeus  arcuately  emarginate,  lobes 
obtuse;  supraclypeal  area  convex;  supraclypeal  foveaB  and  antennal 
foveae  confluent,  large;  middle  fovea  sharply  defined,  circular  in  out- 
line; ocellar  region 
raised;  ocellar  basin 
wanting;  antennal  fur- 
rows wanting;  postocel- 
lar furrow  wanting;  pos- 
tocellar area  defined  lat- 
Fio.  4.— afez  or  THE  SHEATH  07  ametasteoia  (Bhfhttena)  Orally    by    punctiform 

PXTCHELLA  ROHWEB.     FlOUSB  TO  THE  LEFT  OF  THE  TYPE  TO  THE     #^^^«.  .     ^^«4.^^«.ll ««     11^  ^ 
EIGHT  OF  THE  PAEATYFE.  ^0^®®?     pOStOCCUar     ImO 

shorter  than  either  the 
ocellocftipital  or  ocellocular;  third  antennal  joint  distinctly  longer 
than  the  fourth,  antennae  pilose;  stigma  rounded  on  the  lower 
margin;  sheath  as  in  figure  4.  Black;  clypeus,  labrum,  posterior 
mar^  of  the  pronotum,  tegulas,  lower  part  of  the  mesoepistemum, 
mesostemum;  legs  entirely  and  venter  white;  middle  of  dorsal  seg- 
ment rufoferruginous  (nairowing  laterally).  Wings  hyaline,  irides- 
cent; venation  dark  brown,  base  of  stigma  pallid. 

Germantown,  Pennsylvania.  One  female  collected  May  2,  1910. 
Chicopee,  Massachusetts,  one  female  May  17|  1897. 

Type.—€9LU  No.  13977,  U.S.N  Ji. 


Scape  black;  clypeus  deeply  emarginate |  ^P^^^ 

[plesia  ] 
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SMPHTTXNA  VIROIinCA*  new 

Female, — ^Length  6  mm.    Clypeus  broadly  arcuate,  lobes  broad, 

obtuse;  supraclypeal  area  convex;  supraclypeal  and  antennal  foveae 

confluent;  middle  fovea  wanting;  antennal  furrows  wanting;  ocellar 

area  raised,   ocellar  basin  wanting;  postocellar  area  not  defined; 

postocellar  line  shorter  than  the  ocelloccipital;  ocelloccipital  line  and 

ocellocular  line  subequal;  antennal  joint  three  longer  than  four, 

antennae  pilose;  stigma  broad,  rounded  below; 

sheath  as  in  figure  5.     Black;  clypeus,  labrum, 

palpi,  tegul»,  posterior  margin  of   pronotum, 

lower  part  of    mesoepistemum,   mesostemum, 

legs  and  venter  white;  dorsal  segments  in  the 

middle    rufoferruginous     (narrowed    laterally). 

^^^"^■tLw"    W"^  hyaline  iridescent;  venation  dark  brown. 

(EicpBTTDTA)    YiBoiNicA        Dlxic  Landing,  Virginia.     One  female.    Col- 

^™^»^^^™*'    lected  May  27  by  C.  L.  Marlatt. 

Type.— Cat.  No.  13978,  U.S.N.M. 

SMPHTTINA  PALUDSCAPA,  new  ipectes. 

Female, — ^Length    5    mm.      Like   virginica,  except    as    follows: 
Clypeus    subsquarely    emaiginate,    lobes    obtuse;  postocellar    area 
faintly  defined  all  the  way  around;  stigma  broader 
at  base;  sheath  as  in  figure  6;  scape  white;  vena- 
tion pale  brown;  dorsal  spots  smaller. 

Male. — ^Length  4.5  mm.     Sufiiciently  hke   the 

female  to  be  easily  associated  with  it;  postocellar 

Fio.  6.-APEX  OF  THE    area  not  defined,  hypopygidium  broadly  rounded. 
^iTcELiSio        Washington,  District  of  Columbia  ( ?).    Described 
PAUJD8CAPA  RoH-    from  a  number  of  males  and  females  recorded  under 


?*^Ii*^  Bureau  of  Entomology  number  3329.  The  follow- 
ing  note  for  February,  1884,  made  by  Mr.  A.  Koebele 
IS  of  interest:  ''Found  under  bark  of  black  birch  (Betvla  nigra),  near 
ground,  large  numbers  of  saw-fly  larvae  which  had  hibernated;  some 
of  them  seem  to  be  parasitized.'^  Microgasterine  and  Chalcid  para- 
sites later  issued  from  some  of  these  larvae. 
Type.— CAt.  No.  13979,  U.S.N.M. 

BMPEnmNA  STRAMINEIPBS  (CreMon). 

The  following  notes  from  the  type  may  be  worth  while:  Postocellar 
area  hardly  defined  laterally;  middle  foveae  and  ocellar  basin  wanting; 
clypeus  subsquarely  emaiginate,  lobes  obtuse;  sheath  diflering  from 
virffinica  in  being  more  oblique  below. 
94428**— Proc.N.M.  vol.41— 11 2% 


Digitized  by 


Google 


402 


PROCEEDINGS  OF  THE  NATIONAL  MUSEUM. 


▼0L.41. 


KMPHTTINA  FLBSIA,  new  i 


Emphytus  leueosUmus  Rohwbr,  Joum.  New  York  Ent.  Soc.,  vol.  16, 1908,  p.  110; 
not  Coeta,  Rend.  Ace.  Sci.  Gis.  Napoli,  1890,  p.  172. 

"Once  a  homonym  always  a  homonym."    This  is  close  to  aperia 
(Norton). 


Fig.  7.— Apex  or  the  sheath  and  the 

LOWER    QOMAPOPH7SE8    OF    AMBTASTB- 

oiA  (Emphtiina)  canadensis  (Kiebt). 

DBAWZNO   nOM  A  SPEOMEN    BBED  BT 

Db.  H.  O.  Dtab  and  becoeded  dt  the 
Canadian  Entomologist,  vol.  26, 18M, 
p.  185.   Labya  on  Viola  tbicolob  Lin- 

"KMUS 


Fig.  8.— Apex  or  the  sheath  and 
SAW  or  Ametastbgia  (Empst- 

TINA)  CANADENSIS  (KiBBT).  FBOM 
A  SPECIMEN  BBED  IN  WASHINGTON, 
D.  C,  PBOM  LABYA  rEEDING  ON 
YIOLETS,  THE  LABYA  WEBB  COL- 
LECTED AT  POUGHKBEPSB,  NEW 
YOBK. 


BMPEnmNA  CANADENSIS  (Klilqr). 

The  accompanying  figures  show  variation  in  the  saw  and  sheath  of 
this  species.  In  other  respects  the  specimens  are  practically  the 
same. 


Fio.  9.— Apex   or   the 

SHEATH  AND  SAW  Or 

Ametastbgia  (Emprt- 
tina)  apebta  (nobton). 
tms  specimen  was  not 
compabed  with  the 
type,  but  agbee8  with 
a  bebib8  which  ib  sup- 
posed to  be  this  species 
in  the  oollecbon  ov 
THE  Museum. 


Fig.  10.— Apex  or  the  saw 

AND  SHEATH  Or  AMETAS- 
TBGIA (EMPHTTINA)  DIOB- 
NATA(SaY).  DBAWINGOr 
A  SPEOMEN  WHICH  AOBBES 
BXACILY  WITH  A  PBOXY- 
TYPE   made  BY   ROHWEB 

nr  THE  Museum  oouoo 
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Genus  PSEUDOSIOBLA  Ashmead. 

Pseudosiohla  Ashmead  will  probably  be  classed  as  subgenus  of 
Siohla  Cameron,  separated  from  it  by  the  shorter  pedicellum  and  only 
one  (in  some  cases  none)  discal  cell  in  the  hind  wings — ^in  Sioble  there 
are  two.    Siohla  Kirby  ^  is  a  composite  group. 

Key  to  North  American  species. 

Females 1 

Males 3 

1.  Sheath  sharply  truncate,  subpaiallel-sided;  second  cubital  cell  not  much  shorter 

than  the  second;  clypeus  white cephalanthi  Bohwer. 

Sheath  rounded  below,  not  subparaUel-sided;  second  cubital  cell  distinctly  shorter 
than  the  second;  clypeus  mostly  black 2 

2.  Stigma    tapering,    not    truncate    apically;    posterior    orbits    closely    punc- 

tured  excavata  (Norton). 

Stigma  rounded  below,  truncate  apically;  posterior  orbits  and  occiput  sparsely 
punctured robusta  (Kirby) . 

3.  Stigma  tapering,  not  truncate  apically  (clypeus  mostly  black;  posterior  orbits 

closely  punctured) excavata  (Norton). 

Stigma  roimded  below,  truncate  apically 4 

4.  Clypeus  black;  third  antennal  joint  subequal  with  the  fourth  and  fifth. 

JUmdana  (Provancher). 

Clypeus  yellow;  third  antennal  joint  distinctly  shorter  than  the  fourth  and 

fifth cephaloTUki  Rohwer. 

PSSUDOSIOBLA  ROBUSTA  (Klrb)r). 

This   species    was    originally   described    from   Georgia.    In    the 
National  Museum   collection  is  a  female 
from  Texas    (Belfrage    collection),   which 
agrees  exactly  with  Kirby's  description  and 
manuscript  notes  from  the  type. 

PSSUDOSIOBLA  FLOIUDANA  (PravnclMr). 

Type.— Cat.  No.  13965,  U.S.N.M. 

Dr.  A.  D.  Mac  Gillavray  *  gives  this  as 
a  synonym  of  robusta  (Kirby) .  It  is  perhaps 
better  to  keep  them  separate  for  the  present, 
as  floridana  has  the  posterior  orbits  closely 
punctured ;  the  basal  dorsal  segments  finely  ^'-^^T^^^Z 
aciculate  (in  robusta  only  the  base  of  the  sec-  bobiwta  (kibbt). 
ond  is  aciculate);  and  the  wings  are  darker. 

In  the  associated  males  and  females  this  antigeny  does  not  occur. 
The  stigmal  and  cubital  venation  is  as  in  robusta. 

iListHym.BrttMiis.,yol.l,p.260,«to.  >  Can.  Ent,  vol.  40,  lOOS,  p.  866. 
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Fio.  12.— Thb  SnOIMAL  yXKA- 
HON  AMD  SHEATH  OF  PSIU- 
D08I0BLA  SXCAYATA  (NOB- 
TON). 


P8BUDOSIOBL4  BZCAVATA  (ll«ito&}. 

A  homotype  (det.  Rohwer)  of  this  species  came  from  Lake  Forest, 

niinois;  and  is  labeled  ''button  bush."    It  is  no  doubt  one  of  the  lot 

collected  by  Doctor  Needham.^    Specimens  of 

this  species  are  also  from  Canada,  and  Long 

Island.    The  figure  is  of  the  homotjrpe. 

PSEUDOSIGBLA  CBPHALAMTUl*  ntw  ipedas. 

Unknown  larva  5  c  Dtar,  Can.  Ent.,  vol.  27, 1895,  p. 

339. 
Siobla  excavata  Dtab,  Joum.  New  York  Ent.  Soc., 

vol.  6,  1897,  p.  190. 
Pseudonobla  excavata  Howard,  Insect  Book,  1904,  pi. 

13,  fig.  7. 

Female. — ^Length  10  mm.  dypeus  with  a 
slight  median  arcuation ;  antennal  furrows  com- 
plete but  not  strong;  antennal  fovesd  poorly 
defined;  postocellar  line  slightly  shorter  than 
the  ocelloccipital  line  and  much  shorter  than  the 
ocellocular;  head  nearly  uniformly,  coarsely 
punctured;  third  antennal  joint  subequal  with  the  fourth  and  fifth; 
propodeum  granular;  second  and  third  dorsal  s^ments  aciculato- 
granular,  the  following  very  finely  gran- 
ular; hind  basitarsis  curved.  Black; 
clypeus,  labrum,  posterior  margin  of  pro- 
notum,  spot  or  side  of  pronotum,  spot  on 
tegulae,  propodeum,  trochanters,  basal 
two-thirds  of  four  hind  tibiee  whitish; 
two  basal  joints  of  antennae,  anterior 
tibiae  and  tarsi  yellow;  apex  of  four  pos- 
terior tibiae  and  their  tarsi,  and  second 
dorsal  segment  rufous;  dorsal  abdomi- 
nal segments  piceous;  wings  dusky  hya- 
line, venation  dark  brown  Oblack  basally) 
base  of  stigma  yellow.    • 

M<ile. — ^Length   10  mm.    Similar  to 
female.    Abdomen  not  piceous;  third  antennal  joint  distinctly  shorter 
than  the  fourth  and  fifth;  hypopygidium  sharply  rounded  apically. 

Near  New  York  City,  New  York.    Three  females  and  seven  males 
bred  from  larvae  on   CepluilanOiua  ocddentalis  G>utton  bush)   by 
H.  G.  Dyar  and  described  as  Siohla  excavata.* 
JVpc— Cat.  No.  13966,  U.S.N.M. 


Fxo.  13.— Thb  snaiMAL  vknatiok  Ain> 

8HBATH    or     PSEUDOfllOBLA.    OEPHA- 
LAHTHI  ROHWEE. 


1  Pvyohe,  vol.  10, 1908,  p.  37. 


<  Joam.  N«w  York  Ent.  Boo.,  toI.  6,  IBBfT,  p.  190. 
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Genus  TAXONUS  Hartig. 

Subgenus  PASASIOBLA  Ashmead. 

TAXONUS  (PARASIOBLA)  RtTFOdNCTUS  VIROimcUS,  new  fuMy. 

Differs  from  the  typical  rufocindus  (according  to  a  proxytype  in  the 
American  Entomological  Society  collection  made  by  Rohwer  in  Jmie^ 
1909)  in  having  the  abdomen  beyond  the  basal  plates  entirely  rufous. 
This  variation  occurs  with  the  typical  form  in  Virginia,  but  as  exhib- 
ited by  many  individuals  from  Mr.  Nathan  Banks'  collection  is 
more  abundant  than  the  typical  form.  In  some  few  specimens  the 
apical  dorsal  segments  are  slightly  brownish.    Males  and  females. 

Great  Falls,  Glencarlyn,  and  Falls  Church,  Virginia;  Ithaca,  New 
York.  Collected  by  N.  Banks.  Dixie  Land,  Virginia,  collected  by 
C.  L.  Marlatt. 

Type.— Cat.  No.  13840,  U.S.N.M. 

Paratype  in  collection  of  Mr.  Banks. 

Genus  DIMORPHOPTERYX  Ashmead. 
Key  to  species. 

Mesoprescutum  rufous;  basal  plates  pale abnormis  Rohwer. 

Mesoprescutum  black;  basal  plates  black 1 

1.  Apical  four  abdominal  segments  black;  (mandibles,  antenme,  clypeus  and  labrum 

black) TnelanogncUhtu  Rohwer. 

Abdomen  beyond  basal  plates  pale,  sheath  black 2 

2.  Females  (scutellum  yellow) 3 

Males  (scutellum  black) 5 

3.  Antennae  black pinguis  virginica  Rohwer. 

Antennae  pale 4 

4.  Ocellar  basin  with  well  defined  lateral  walls  which  extend  to  the  bases  of  antennae; 

clypeus  subangulate  emarginate pinguis  pingvis  (Norton). 

Ocellar  basin  with  the  lower  lateral  walls  not  sharply  defined  and  reaching  the 
bases  of  the  antennae  as  roimded  ridges;  clypeus  subsquarely  emarginate. 

pinguis  errans  Rohwer. 
6.  Antennae  black;  ocellar  basin  with  rounded  walls;  fifth  to  eighth  joints  of  antennae 

beneath  with  an  apical  projection pinguis  errans  Rohwer. 

Antennae  brown;  walls  of  ocellar  basin  well  defined;  fifth  to  eighth  antennal  joints 
without  projection  beneath pinguis  virginica  Rohwer. 

DIMORPHOPTBRTX  PINOUIS  (Noctoii). 

The  type  of  Norton's  pinguis  is  not  in  the  collection  of  the  American 
Entomological  Society,  and  appears  to  be  lost.  A  specimen  which 
agrees  with  the  original  description  and  with  specimens  which  were 
supposed  to  be  determined  by  Norton  is  taken  as  the  proxytype.^ 
Dr.  H.  G.  Dyar  has  bred  what  was  considered  to  be  this  species 
from  birch,  linden,  sugar  plum  (Amelanchier  canadenais),  maple,  and 

1  The  word  ''proxytype  *'  Is  used  to  designate  a  specimen  chosen  (and  labeled  as  imzytype)  as  the  type 
by  a  subsequent  author  when  the  real  type  has  been  destroyed  or  losL 


Digitized  by 


Google 


406  PBOOBBDINaS  OF  TEE  NATIONAL  MU8BUM.  Y€fu41. 

black  oak.  It  is  imposBible  to  detennine  if  these  are  all  pinguis  as 
here  restricted.  The  male  is  not  in  the  collection  of  the  United  States 
National  Museum. 

DIMORPHOPTBRTX  PINOUIS  ERRANS,  new  fuMy. 
Paranobla  rvfodnctui  Howard,  Insect  Book,  1904,  pi.  14,  fig.  26. 

Besides  the  characters  given  in  the  above  table  this  variety  may  be 
separated  by  the  anterior  margin  of  the  clypeus  being  pale. 

Two  females  and  two  males  from  the  collection  of  Dr.  H.  G. 
Dyar.    One  of  the  females  from  Bellport,  New  York,  June  12. 

Type.— Cat.  No.  13843,  U.S.N.M. 

DIMORPHOPTBRTX  PIHOUIS  VIROIiaCA,  ntw  vailely. 

Female, — Falls  Church,  Vii^inia,  June  28;  female,  Washington, 
District  of  Columbia,  Jxme  22;  male,  Glencarlyn,  \^rginia,  June  28. 
All  collected  by  N.  Banks. 

2Vpe.— Cat.  No.  13842,  U.  S.N.M. 

DIMORPHOPTBRTX  MELAlVOOlTATHnS  Rohww. 

Dimorphopteryx  melanognathut  Rohwer,  Proc.  U.  S.  Nat.  Mus.,  vol.  39,  No.  1739, 
1910,  p.  205. 

Ejiown  from  the  unique  female  type. 


DIMORPHOPTBRTX  ABNORMIS,  new  t 

Very  distinct  in  color,  strongly  punctured  mesoscutum,  elevated 
scutellum. 

Female. — ^Length  6  mm.  Labrum  broadly  rounded  apically;  cly- 
peus sparsely  punctured,  shallowly  emarginate  apically,  lobes  hardly 
defined;  head  as  in  pinguis,  except  the  rounded  walls  of 'the  ocellar 
basin;  antennse  typical  not  nodose  at  apex  beneath;  mesoscutum 
and  prescutum  with  rather  close  well  defined  punctures;  mesoepister- 
num  very  coarsely  punctato-reticulate;  scutellum  closely,  strongly 
punctured,  elevated;  venation  normal  except  that  the  transverse 
radius  is  entirely  wanting;  sheath  obtusely  pointed  apically.  Black; 
clypeus,  labrum,  mandibles  (apicies  piceous),  teguke,  legs  (apicies 
of  posterior  femora  black)  and  entire  abdomen  rufo-ferruginous 
(parts  of  legs  somewhat  paler) ;  antennae,  mesoprescutum,  and  poster- 
ior margin  of  pronotum  rufous;  scutellum  yellow;  wings  hyaline, 
venation  pale  brown. 

Male. — ^Length  6  mm.  Differs  from  the  female  in  the  rufous 
scutellum  and  upper  part  of  mesoepistemum;  hypopygidium  obtusely 
rounded. 

A  female  paratype  shows  that  the  mesoepistemum  may  be  rufous 
in  the  female. 

Ottawa,  Canada.  Two  females  and  one  male  bred  from  larva  on 
cultivated  plum  in  1900. 

Type— Cat.  No.  13841,  U.S.N.M. 
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The  complete  loss  of  the  transverse  radius  in  all  the  specimens  may 

indicate  an  abnormal  development  or  if  constant  in  a  large  series 

together  with  the  elevated  scutellum  might  constitute  characters  for 

a  subgenus. 

Genus  ALLANTUS  Panzer. 

BmphyiuB  Kluo. 

The  genus  ATlantus,  a  monobasic  genus,  was  established  by  Panzer 
in  1801  ^  and  has  Tenthredo  {AUantua)  togata  Panzer  as  the  type.  It 
therefore  replaces  Emphytua  Klug.  1813.  AUantus  Auctorum  equals 
Tenihredo  Linn»U8.  * 

Key  to  Nearctic  and  other  spedea  of  Allantue. 

Posterior  femora  red  or  reddish. 1 

Posterior  femora  black. 2 

1.  Four  anterior  femora  pale. mellipea  (Norton). 

Four  anterior  femora  blackish gilleUei  (MacGilliviay). 

2.  Posterior  tibiae  black  and  white cincttu  nigritxbialU  Bohwer. 

Posterior  tibiee  red  and  white 3 

3.  Sheath  sharply  truncate;  furrows  bounding  the  postocellar  area,  joining  the  posto- 

cellar  furrow  in  middle  of  the  lateral  ocelli cinctus  cinctus  (Linnaeus). 

Sheath  rounded  below ;  furrows  bounding  the  postocellar  area  joining  the  postocellar 
furrow  well  outside  the  lateral  ocelli dnctus  dncHpes  (Norton). 

A.  meUipes  (Norton)  seems  to  be  close  to  A.  cingiOum  (Elug.). 

ALLANTUS  CINCTX7S  inORmBIALIS»  b«w  •nbspedM. 

Fenrude, — ^Length  7.5  mm.  Closest  to  cinctus  cindipes  (Norton), 
but  may  be  separated  by  the  above  table. 


^ 


FlO.  14.— FE0UBB8  or  THB  ATICBS  OF  THB  8HXATB8  OV  SnCOS  OF  ALLAOTITB.  a,  b,  OV  A. 
CDTCTUS  CINCTIPK8  (NORTON);  C,  d,  OW  A.  CINCTUS  NIQUTIBIALIS  ROHWIB;  C  IS  fBOM  THS 
SPBCDCKN  FROM  JAPAN;  d,  OP  THB  SPBCDIEN  PBOM  CBINA;  €,  OP  A.  OILLBmi  (MAO 
OniJVBAT);  /,  OP  A.  CDTCTUS  GQfCTUS  (JJSOSfMfJB);  g,  OP  A.  MXUJPBS  (NOBTON). 

One  female  ''crawling  on  Hemlocks,  from  Japan"  collected  by 
J.  B.  Smith  at  Rutherford,  New  Jersey,  April  15,  1911.  One  female 
from  Hong  Kong,  China,  collected  by  A.  Koebele. 

Type.— Cat.  No.  13980,  U.S.N.M. 

1  Fauna  Insect  Gemum,  vol.  11,  p.  82,  pi.  12. 

*  Snt.  News,  vol.  22, 1911,  p.  218;  BuU.  Tech.  Ser.  No.  20,  pt.  2,  BureMi  of  Entomology.  1911:  Proc.  U.  B. 
Nat.  Mus.,  vol.  39,  No.  1777,  WU,  p.  117. 
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Genus  APHILODYCTIUM  Ashmead. 
AFHILODTCnDM  lEACULATUlC,  ntw  tpectos. 

Female. — ^Length  8  mm.  Close  to  multicolor  (Norton),  but  may- 
be separated  as  follows:  Middle  fovea  sharply  defined  beneath  and 
laterally;  spot  on  the  mesoepistemum  small;  posterior  femora 
brownish. 

Nevada,  one  female. 

Type.—CAt.  No.  12813,  U.S.N.M. 

APmLODTCnUM  MULTICOLOR  SRTTHROOASTRUIE,  ntw  nbiyedM. 

FemjoU. — ^Length  6.5  mm.  Differs  from  multicolor  multicolor  in 
the  orbits  being  entirely  yellow,  and  the  abdomen  beyond  the  basal 
plates  rufous. 

Male. — ^Length  6  mm.    Differs  from  the  typical  form  as  the  female. 

Westville,  New  Jersey,  June  6,  1897;  Long  Island,  New  York; 
Great  Falls,  Virginia,  June  12  (N.  Banks);  Falls  Church,  Virginia, 
June  4  (N.  Banks);  Maryland;  North  fork  of  Swannanoa  River, 
Black  Mountains,  North  Carolina;  many  males  and  females  taken 
by  N.  Banks  flying  around  Betvla. 

Type.—Csit.  No.  12814,  U.S.N.M. 

Some  of  the  males  from  North  Carolina  have  the  middle  of  the 
tergum  with  a  black  line. 

APHnX>DTCTinM  RX7BSIPBS  laORTTARSIS,  ii«w  vafMy. 

Differs  from  the  typical  form  by  the  entirely  black  four  posterior 
tarsi.  It  is  also  somewhat  more  slender.  There  is  a  superficial 
resemblance  to  Am^etaslegia  glabrata  (Fallen). 

Steamboat  Springs,  Colorado.  One  female  and  five  males  col- 
lected May  27, 1910,  by  T.  D.  A.  Cockerell.  Also  one  female  and  three 
males  from  Colorado,  with  no  definite  locality.  It  may  be  that  this 
variety  will  be  found  only  in  western  Colorado. 

Type.— Chi.  No.  13982,  U.S.N.M. 

Genus  PERINEURA  Hartig. 
PBRLNKUKA  TUSBATA,  new  i 


AntennaB  with  an  annulus;  abdomen  and  legs  rufous;  head  and 
most  of  the  thorax  black. 

Female. — Length  8  mm.  Labrum  acutely  rounded ;  clypeus  deeply > 
narrowly  arculately  emarginate;  surface  granular;  head  rather  coarsely 
granulato-reticulate;  posterior  orbits  and  occiput  carinated;  frons 
indicated  below  as  in  ruU  (Panzer);  pentagonal  area  only  indicated; 
postocellar  area  poorly  defined  anteriorly,  at  least  twice  as  wide  as 
the  cephal-caudad  length;  postocellar  line  shorter  than  the  ocelloc- 
cipital  line;  pedicellum  angular,  the  length  and  width  subequal; 
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antennaB  somewhat  flattened,  about  two-thirds  as  long  as  the 
msect,  the  third  joint  longer  than  the  fourth;  mesoscutum  shining, 
finely  punctured;  scutellum  opaque,  finely  granular;  stigma  broadest 
at  base,  tapering  to  the  apex;  the  third  cubital  cell  about  twice  as 
broad  at  the  apex  as  at  the  base,  receiving  the  transverse  radius  near 
the  apex;  sheath  straight  above,  subtruncate,  rounded  below. 
Black;  labrum,  seventh  to  the  ninth  antennal  joints,  tegulae,  apex  of 
the  coxsD  and  trochanters,  and  the  posterior  tarsi  white;  mandibles^ 
clypeus,  supraclypeal  area,  two  basal  joints  of  the  antennae,  pre- 
scutum,  scutellum,  angles  of  the  pronotum,  the  legs  below  the  tro- 
chanters, and  the  abdomen  beyond  the  basal  plates  rufo-ferruginous 
or  ferruginous.  Wings  hyaline,  iridescent;  venation  dark  brown, 
stigma  at  the  base  white. 

Male. — ^Very  like  the  female.  The  antennsD  are  entirely  ferru- 
ginous. The  hypopygidium  is  broadly  rounded  apically.  The 
clypeus  is  in  some  specimens  nearly  white. 

Two  paratope  types  show  that  the  species  may  vary  thus:  The 
base  of  the  third  antennal  joint  may  be  pale,  the  white  of  the  antennsB 
may  not  be  sharply  defined  but  shaded  into  brown  at  either  end,  and 
the  mesoepistemum  may  have  a  rufous  spot. 

North  Fork  of  Swannanoa  River,  Black  Mountains,  North  Caro- 
lina. Three  females  collected  in  late  May,  1910,  by  F.  Sherman. 
Five  iemales  and  seven  males  collected  in  late  May  by  N.  Banks. 

Type.—C&t  No.  14013,  U.S.N.M. 

Paratypes  in  the  collection  of  the  North  Carolina  Department  of 
Agricultiure  and  in  the  collection  of  N.  Banks. 

Genus  TENTHREDINA  Rohwer. 
TRNTHRSDINA  CTUIIDSICA,  ntw  qpedM. 

Related  to  Tenthredo  fortunii  Kirby  and  TerUhredo  smithii  Kirby, 
which  from  the  figures  seem  to  belong  to  TeTUhredina,  but  does  not 
agree  in  aU  points  with  the  description  of  these  species. 

Female, — ^Length  15  nmi.  Labrum  longer  than  broad,  obtusely 
pointed,  margined;  clypeus  arcuately  emarginate,  lobes  obtusely 
rounded,  head  shining;  postocellar  area  much  broader  than  the 
cephal-caudad  length,  well  defined,  not  as  wide  as  the  postocellar 
line  is  long;  ocelli  in  a  low  triangle,  the  area  in  front  of  the  ocelli 
rather  swollen;  middle  fovea  with  rounded  walls,  open  above  and 
joining  with  a  depression  from  the  anterior  ocellus;  antennae  wanting 
beyond  the  second  joints  in  the  type;  mesonotum,  mesopleursB  and 
scutellum  shining,  with  separate  distinct  punctures;  scutellum 
strongly  elevated;  third  cubital  cell  subequal  in  length  with  the  first 
and  second;  sheath  rather  narrow,  parallel-sided,  the  apex  obliquely 
truncate.  Rufo-ferruginous,  varied  with  black  and  yellow;  clypeus, 
labrum,  mandibles  (apicies  piceous),  most  of  face^  lower  part  of  poste- 
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rior  orbits,  maigin  of  collar,  posterior  part  of  sutures  of  anterior  lobe, 
scutellum,  scutellar  lobe,  metanotum,  broad  band  on  pleurse,  metae- 
pistemum,  first  and  third  segments  of  the  abdomen  yellow.  Most  of 
the  lobes  of  the  mesonotum,  pectus,  and  base  of  some  of  the  abdominal 
s^ments  black.  Legs  yellowish,  line  on  the  four  posterior  femora 
above,  black;  posterior  tibiae  and  tarsi  ferruginous.  Wings  yellow- 
ish hyaline,  vitreous,  cubital  and  radial  cells  dusky;  venation  dark 
brown,  stigma  and  costa  yellowish. 

Southern  China.    One  female.. 

Type.— C2kt.  No.  14014,  U.S.N.M. 

Genus  MACROPHYA  Dahlbom. 
MACROPHTA  TROSULA  (Hoctan). 

AUcmtus  trasulus  Norton,  Boston,  Joum.  Nat.  Hist.,  vol.  7,  pt.  2,  p.  244;  and 

other  references. 
Macrophya  albifacies  Kirbt,  List  of  the  HymeDoptera  of  the  Britiflh  Mus.,  vol.  1, 

1882,  p.  271,  pi.  10,  fig.  18. 
Macrophya  trossula  Dalla  Torre,  Gat.  Hym.,  vol.  1, 1894,  pi.  62.    Emendation. 

An  examination  of  the  type  of  Macrophya  albifacies  Kirby  revealed 
no  differences  from  trosvia  (Norton),  Kirby 's  name  is  therefore  con- 
sidered a  synonym. 

MACROPHTA  DTARI.  ni 


Related  to Ma4:rophya  trosvla  (Norton),  but  may  be  separated. from 
that  species  by  the  following  characters:  Middle  fovea  entirely  want- 
ing; vertex  without  large  shining  areas;  pleura  and  the  bases  of  the 
posterior  coxse  black;  abdomen  rufous  beyond  the  basal  plates;  tarsi 
not  black  at  the  apices. 

Female. — ^Length,  7  mm. 

Van  Cortlandt  Park,  New  York.  One  female  collected  May  20, 
1896.  Named  for  Dr.  H.  G.  Dyar,  who  collected  the  type.  Also  a 
female  from  Michigan,  and  one  without  locality  label,  which  has  the 
marking  white. 

Type.— CsLt.  No.  14015,  U.S.N.M. 

MACROPH7  A  N  APRNSIS,  new  ^pedeik 

Female. — ^Length,  6.5  mm.  Differs  from  pluricirUeHa  Rohwer  in 
the  angulate  emargination  of  the  clypeus,  elongate  middle  fovea, 
subfiliform  antennaB,  and  banded  venter. 

Napa  County,  California.    One  female. 

Typc-^At.  No.  14016,  U.S.N.M. 

MACROPHTA  FUSCOTBRMINATA,  new  ^padet. 

Allied  to  fuligiTiea  Norton,  but  the  tergum  has  distinct  punctures 
and  the  posterior  cox»  has  a  pale  spot. 

Female. — ^Length,  9.5  mm.  Labrum  truncate;  clypeus  broadly, 
deeply,  arcuately  emaiginate;  the  lobes  narrow  and  obtusely  pointed; 
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middle  and  frontal  fovese  well  defined;  antenna!  furrows  poorly 
defined  but  present;  postocellar  area  well  defined;  somewhat  wider 
than  the  cephal-caudad  length;  head  closely  punctured  except  the 
area  between  the  eyes  and  the  oceUi,  which  is  shining  and  polished; 
thorax  with  close  and  distinct  punctures;  stigma  rounded  below;  the 
second  and  third  cubital  cells  equal  on  the  radius;  the  post-basitarsis 
equal  in  length  with  the  following  joints;  sheath  broadly  rounded 
apically,  concave  above,  convex  below.  Black;  spot  on  the  mandibles, 
the  edge  of  the  labrum,  two  spots  on  the  posterior  margin  of  the 
postocellar  area,  spot  on  the  anterior  femora  and  tibise  beneath,  and 
a  spot  on  the  posterior  coxse  white.  Wings  hyaline,  beyond  the  stigma 
fuscous,  venation  very  dark  brown. 

Canton,  North  Carolina.  One  female  collected  in  June,  1910,  by 
F.  Sherman. 

Type.— Cht.  No.  14017,  U.S.N.M. 

MACROPHTA  BRRANS,  new  ^padet. 

Very  close  to  M.fuMginea  Norton  e^nd  fuscoierminata  Rohwer,  but 
the  clypeus  is  broadly  arcuately  emarginate,  with  the  angles  triangular 
and  ^arp;  the  antennal  furrows  are  nearly  complete;  and  horn  fvlir 
ginea  it  differs  in  having  a  pale  spot  on  the  posterior  cox». 

Female. — Length  9  mm. 

One  female  from  Pennsylvania,  from  the  C.  F.  Baker  collection. 

Type.—Cs^t.  No.  14018,  U.S.N.M. 

Genus  TENTHREDO    LINNAEUS. 
TBHTHRBDO  SLBOAKTULA  (CiMMn). 

AUarUus  eleganttUus  Obbsson,  Trans.  Amer.  Ent.  8oc.,  vol.  8, 1889,  p.  17,  male 

and  female. 
Ldbidia  opimus  var.  bigeminus  Dtar,  Can.  Ent.,  vol.  25, 1893,  p.  195,  female. 

The  type  of  iigeminus  Dyar  does  not  differ  in  any  way  from  the 
description  of  degantulus  (Cresson). 

TENTHRXDO  ELBOANTULA  OHBOAIf  A,  new  siibipedes. 

Female. — ^Length  10.5  mm.    Differs  from  degantula  degant^ala  in 
the  black  mesopectus  and  black  prescutum. 
Cowallis,  Oregon.    One  female  from  the  Ashmead  collection. 
Type.— Cs^t.  No.  14019,  U.S.N.M. 
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CRYSTALLIZED  VARISCITE  FROM  UTAH. 


By  Waldemab  T.  Sghalleb 

Of  the  United  States  Geological  Svrvey. 


INTRODUCTION. 

The  material  on  which  the  following  descriptions  are  based  was 
collected  near  Lucin,  Utah,  by  Mr.  Douglas  B.  Sterrett,  of  the  United 
States  Geological  Survey.  A  part  of  the  material  consists  of  well 
ciystallized  variscite,  a  condition  so  unusual  for  this  mineral  that  it 
was  at  first  thought  to  be  a  new  species.  The  detailed  study  has 
shown,  however,  that  the  mineral  is  identical  with  variscite,  and  the 
quantity  of  material  was  sufl&cient  to  determine  all  the  chief  prop- 
erties of  the  mineral.  Mr.  Sterrett  brought  out  a  striking  property 
of  this  mineral  by  heating  a  fragment  of  it  before  the  blowpipe.  At 
a  low  temperature  the  vivid  green  color  was  readily  changed  to  a 
deep  lavender.  The  chemical  study  of  the  mineral  was  extended  in 
order  to  find  out  if  possible  the  cause  of  this  change,  and  the  various 
properties  of  the  lavender-colored  variscite  were  studied,  as  well  as 
those  of  the  green  mineral  in  order,  if  possible,  to  correlate  the  two. 
The  author  wishes  to  express  his  thanks  to  Mr.  Sterrett  for  permission 
to  describe  this  very  interesting  mineral  and  for  his  generosity  in  fur- 
nishing the  material  needed.  The  specimens  described  in  this  paper 
are  the  property  of  the  United  States  National  Museum.  (Cat.  No. 
86993.) 

OCCURRENCE  AND  GEM  QUALITY. 

The  following  notes  on  the  occurrence  of  the  variscite  near  Lucin, 
Utah,  and  of  the  kind  and  quality  of  the  gem  stones  have  been  taken 
from  the  manuscript  report  on  the  *' Production  of  precious  stones 
in  the  United  States  for  1910,"  by  Douglas  B.  Sterrett. 

The  variscite  deposits,  about  5  miles  northwest  of  Lucin,  Utah, 
are  in  the  northern  part  of  an  irregular-shaped  hill,  called  Utahlite 
Hill.  Utahlite  Hill  is  about  a  mile  long  in  a  northwest-southeast 
direction  and  about  one-half  mile  wide.  It  has  an  elevation  of  about 
5,000  feet  above  sea  level,  and  rises  over  300  feet  above  the  mesas 
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and  gentle  slopes  at  its  base  and  about  500  feet  above  the  railroad 
at  Lucin.  Four  claims  have  been  located,  and  these  are,  in  order 
from  northwest  to  southeast,  Utah  Gem,  Greenback  Lode,  Utahlite, 
and  Protection  Lode.  The  variscite  deposits  are  in  and  around  small 
rocky  summits  standing  above  the  rest  of  the  hill.  These  summits 
have  cavities  and  small  caverns  in  them,  resembling  those  made  by 
wave  action.  They  were  probably  formed  on  one  of  the  shore  lines 
of  the  former  Lake  Bonneville.  The  work  done  at  the  time  of  exam- 
ination consisted  of  an  open  cut  50  feet  long  and  2  to  5  feet  deep, 
with  several  prospect  pits. 

The  rock  in  which  the  variscite  occurs  and  which  forms  the  crest 
of  the  hill  is  cherty  or  chalcedonic  quartz  which  contains  inclusions 
of  nodules  and  streaks  of  limestone.  The  limestone  inclusions  rango 
up  to  a  foot  thick  and  in  places  are  several  feet  long.  The  character 
of  most  of  the  rock  is  that  of  a  hard  breccia  cemented  together  by 
silica.  This  breccia  forms  rough  rocky  ledges  and  knobs  rising  from 
a  few  feet  to  25  feet  above  the  hill  slopes.  Three  of  these  knobs 
contain  large  quantities  of  variscite. 

The  variscite  occurs  in  balls,  nodules,  and  irregular  masses  in  the 
chert.  Veins  of  variscite  are  not  common,  but  some  with  a  northeast 
strike  and  northwest  dip  were  seen  on  the  Utah  Gem  claim.  The 
nodules  and  balls  of  variscite  range  in  size  from  a  fraction  of  an  inch  to 
several  inches  across,  and  some  of  the  segregations  of  variscite  inclos- 
ing matrix  are  a  foot  across.  The  variscite  fills  fractured  and  breo- 
ciated  zones  in  the  rock,  some  of  which  it  replaces  and  some  of  which 
it  incloses.  The  replacements  are  generally  rounded  concretionaiy 
masses,  often  with  a  banded  concentric  structure.  The  fragments  of 
some  of  the  brecciated  rock,  especially  white  quartz,  that  have  been 
inclosed  by  and  cemented  with  variscite  have  remained  angular  and 
sharp.  Some  of  the  concretionary  forms  appear  to  grade  from  green 
variscite  cores  into  the  inclosing  yellow,  brown,  gray,  and  white  phos- 
phatic  and  cherty  minerals.  There  is  considerable  chalky  mineral  filling 
cavities  in  the  variscite-bearing  rock  and  coating  the  nodules  and 
masses  of  variscite.  A  quantity  of  variscite  pebbles  and  cobbles  have 
been  found  in  the  open  cut  in  the  loose  detritus  below  the  main  out- 
crop on  the  Utahlite  claim.  These  pebbles  probably  owe  their 
rounded  form  largely  to  the  nodular  shape  of  the  variscite  in  the 
original  rock,  but  also  probably  to  some  extent  to  water  action  on  a 
former  lake  shore.  The  pebbles  are  coated  with  a  white  chalky  sub- 
stance, and  have  to  be  broken  into  before  the  presence  or  quality  of 
the  variscite  can  be  determined. 

Both  the  variscite  and  the  matrix  minerals  possess  various  shades 
of  color,  several  of  which  are  sometimes  present  in  a  single  specimen. 
The  different  colors  combined  with  the  various  markings  and  patterns 
due  to  the  structure  of  the  mineral  and  brecciation  of  the  matrix 
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furnish  a  large  range  in  the  types  of  stones  that  can  be  cut  from  the 
variscite.  The  variscite  ranges  in  color  from  a  very  pale  green 
through  different  shades  to  a  bright  grass  green.  The  matrix  is 
either  white,  gray,  yellow,  brown,  or  nearly  black. 

The  gems  that  can  be  cut  from  the  variscite  from  the  Edison  and 
Bird  mine  range  from  large  pure  stones  with  light  to  dark  green 
color  through  those  with  sm^ll  quantities  of  matrix,  to  those  in  which 
the  matrix  predominates.  The  dark  and  bright  green  variscite  is 
obtained  in  pieces  that  will  cut  into  pure  stones  measuring  more  than 
an  inch  across,  and  paler-colored  mineral  will  yield  even  lai^r  pure 
stones.  Some  of  the  bright-green  variscite  is  partly  translucent  and 
thin  pieces  and  small  pebbles  display  their  color  well  in  the  partially 
transmitted  light.  This  is  especially  true  of  the  coarser-grained, 
finely  crystalline  variscite.  Specimens  of  matrix  are  obtained  that 
will  yield  slabs  6  inches  across,  some  of  which  show  quite  remarkable 
patterns  and  colors.  One  block  of  matrix  found  at  this  mine  meas- 
ures 4  to  6  inches  in  diameter  and  weighs  several  pounds.  The  whole 
mass  is  composed  of  variscite  mottled  with  brown  and  white  matrix. 
The  pattern  is  the  typical  turtleback  and  the  markings  are  coarser  in 
some  parts  of  the  specimen  than  in  others.  The  markings  are  due 
to  rounded  patches  or  nodules  of  pale  to  bright  green  variscite,  some 
of  which  are  surrounded  by  rims  of  white  or  gray,  and  all  filled  with 
purphsh-brown  matrix.  The  brown  matrix  occurs  only  as  an  inter- 
nodular,  filling  and  the  seams  are  rarely  over  a  millimeter  thick. 
Occasional  larger  patches  of  matrix  occur  where  several  seams  meet 
around  the  variscite  nodules.  The  rounded  masses  of  variscite  vary 
from  a  fraction  of  a  millimeter  to  a  centimeter  in  diameter.  Other 
smaller  pieces  of  mottled  variscite  have  been  f oimd  along  with  speci- 
mens of  brown,  gray,  and  white  matrix,  with  practically  the  same 
texture.  Some  pieces  of  mottled  matrix  contain  little  if  any  variscite, 
but  would  itself  cut  into  stones  with  the  turtleback  markings. 

Among  other  types  of  variscite  matrix  is  that  with  bright  grass- 
green  variscite  mottled  with  patches  and  cloudUke  masses  of  lighter 
green  material,  or  vice  versa.  Such  matrix  may  contain  seams  and 
spots  of  white,  gray,  or  yellowish  mineral  through  it.  A  white  quartz 
breccia,  cemented  and  filled  in  with  bright  green  variscite,  is  also  a 
pleasing  stone  when  cut,  but  is  more  difficult  to  polish  because  of  the 
difference  in  hardness  of  the  two  minerals.  The  quartz  occurs  in 
sharp,  angular  fragments,  which  are  in  excess  of  the  variscite  in  some 
specimens,  but  generally  less  prominent. 

The  variscite  and  variscite-matrix  from  this  locality  would  yield 
very  beautiful  gems  for  the  so-called  barbaric  jewelry.  It  is  sus- 
ceptible to  nearly  every  form  of  cutting  used  with  opaque  gems,  but 
on  account  of  its  comparative  softness  is  not  adapted  to  rough  wear. 
For  pendants,  brooches,  pins,  belt  stones,  etc.,  it  is  well  suited. 
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The  especially  bright  colors  of  some  of  the  variscite  from  this  locality 
are  rarely  found  in  that  from  other  places  and  the  variety  of  markings 
shown  by  the  matrix  is  probably  equal  to  any  other  material  found. 

GENERAL  DESCRIPTION. 

The  material  available  for  study  consists  of  nodular  aggregates  of 
variscite,  irregular  in  shape  and  of  varipus  dimensions.  The  deep 
green  aggregates  of  crystallized  mineral  consist  of  tabular  crystals,  a 
few  of  which  reach  a  millimeter  in  length.  Their  breadth  is  about 
half  their  length,  and  their  thickness  varies  from  about  one-foxui;h  of 
a  millimeter  to  very  thin  plates.  The  coarser  aggregates  of  variscite 
consist  of  well-developed  crystals  (shown  in  pi.  33,  upper  figure), 
which  are  often  nearly  complete.  The  finer-grained  material  does 
not  show  such  distinct  crystals,  while  the  very  fine-grained  com- 
pact mineral  has  more  the  appearance  of  a  crypto-crystalline  mass. 
Several  small  cavities  in  the  coarse  material  were  lined  with  pro- 
jecting crystals,  which  furnished  good  material  for  crystallographical 
study.  A  view  of  such  a  cavity,  enlarged  six  times,  is  shown  in 
plate  33,  lower  figure.  The  crystals  are  traXisparent  and  pale  green 
when  viewed  imder  the  microscope. 

OPTICAL  PROPERTIES. 

ORIENTATION  AND  PLBOCHBOI8H. 

The  crystallographical  orientation  of  the  variscite  crystals  was  so 
chosen  that  the  large  flat  face  became  the  brachypinacoid  6  (010), 
and  the  striations  on  this  face  were  placed  vertically.  Variscite 
being  orthorhombic,  these  facts  are  sufiicient  to  definitely  orient  the 
crystals,  so  that  the  optical  relations  can  be  readily  comprehended. 
The  basal  pinacoid,  c  (001),  was  not  observed  on  these  crystals,  and 
the  macropinacoid,  a  (100),  is  a  rare  form,  seldom  larger  than  a  nar- 
row face  between  the  unit  prisms  m  and  m"\ 

The  optical  relations  were  ascertained  by  studying  the  flat  crystals, 
and  also  by  means  of  two  thin  sections  of  the  granular  aggregate, 
which  were  carefully  prepared  without  being  subjected  to  any  heat. 
If  a  section  of  the  granular  variscite  be  made  in  the  ordinary  maimer, 
it  wiU  be  found  that  the  heat  employed  in  the  operation  is  sufficient 
to  cause  the  green  color  of  the  mineral  to  chaise  to  the  deep  laven- 
der, with  consequent  changes  in  the  various  physical  properties  of 
the  mineral. 

The  extinction  is  parallel  in  aU  sections,  and  the  mineral  behaves 
optically  in  strict  concordance  with  the  orthorhombic  symmetry  of 
the  crystals. 

The  axial  plane  is  parallel  to  the  flat  face  b  (010),  the  acute  bisec- 
trix is  normal  to  the  base  c  (001),  the  obtuse  bisectrix  then  being 
normal  to  a  (100).    The  mineral  is  positive,  so  that  the  acute  biaeo- 
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trix,  identical  in  direction  with  the  crystallographical  axis  c,  is  the 
axis  of  minimum  velocity  of  light.  The  optical  relationship  can,  there^ 
fore,  be  expressed  in  the  conventional  form  as  follows: 

c  =  Z  =  c 
The  axial  angle  is  large;  2E  was  measured  as  about  113^.    Dis- 
persion was  not  marked  and  its  kind  could  not  be  determined. 

Viewed  in  transmitted  light  under  the  microscope  the  crystals  are 
colorless  if  very  thin,  or  pale  green  if  somewhat  thicker.  The  color- 
ing pigment  is  not  uniformly  distributed,  but  is  generally  arranged 
in  irregular  cloudlike  areas.  In  a  few  cases  the  coloring  seemed  to 
bear  in  its  distribution  some  relation  to  the  shape  of  the  crystal,  and 
in  these  cases  the  color  was  most  intense  near  the  edges  of  the  crystals. 
The  pleochroism  is  distinct  but  slight,  and  its  relation  to  the  crystal 
directions  is  shown  in  the  following  scheme: 

a  (X)=  colorless. 
6  (Y)  =pale  green. 
c  (Z)=  pale  green. 
The  weakness  of  the  pleochroism  is  in  striking  contrast  to  that  of 
the  heated  lavender-colored  material  in  which,  as  described  further 
on,  the  pleochroism  is  strong. 

RBrRACfnys  indices. 


The  indices  of  refraction  were  measured  by  the  method  of  oil 
immersion   for   y   and    a.     The   values   found    are   7^=  1.577    and 
1.547.    Therefore    7— a  =  0.030,    which    is    very   close    to    the 


a 


average  value  (0.032)  found  by  actual  determination  of  the  bire- 
fringence. This  birefringence  was  measured  accurately  on  the  flat 
brachypinacoid,  and  the  average  value  obtained  is  0.032.  The  value 
was  measured  on  11  crystals  with  the  following  results: 

Birefringence  (t—^)  measured  on  h  {010), 


Crystal  No. 


1.. 



0.056 

2 

.044 

3 

.042 

4 

.070 

5 

.051 

6 

.051 

7 

.066 

8 

.055 

9 

.042 

10 

.053 

11 

.047 

Average 

Thickness 
inmlUi- 
metcrs. 


Blrafdn- 
gence. 


0.034 
.029 
.035 
.027 
.081 
.037 
.029 
.034 
.030 
.090 
.034 


.082 
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As  the  value  0.032  is  more  accurate  than  the  value  0.030,  obtained 
by  measuring  the  indices  directly,  the  values  of  y  and  a  are  ea6h 
changed  one  unit  so  as  to  bring  their  difference  in  accord  with  ihe 
more  accurately  determined  value  of  the  birefringence.  The  values 
of  Y  and  a  are  therefore  taken  as  1.578  and  1.546,  respectively. 

The  value  for  p  was  found  by  measuring  the  difference  of  refrac- 
tion (p^a)  in  basal  sections  of  the  mineral.  A  thin  section  of  the 
crystalline  aggregate  furnished  basal  and  brachypinacoid  sections 
of  the  same  thickness,  so  that  the  value  (fi—a)  could  be  determined 
by  noting  the  interference  colors  (blue  first  order)  on  the  basal  sec^ 
tions  and  comparing  them  with  the  colors  on  sections  showing  the 
maximum  birefringence.  The  value  (/9— or)  was  thus  found  to  be 
0.010.    Therefore  )9=  1.556. 

A  section  of  a  crystal  that  seemed  to  be  nearly  parallel  to  a  (100), 
showed  a  very  large  axial  angle  and  a  difference  of  refraction  of  about 
0.020,  which,  for  a  section  parallel  to  a  (100),  should  be  0.022. 

Summarizing  the  optical  properties  as  determined,  we  have: 

Axial  plane  )  b  (010).    Bx.  1  c  (001).     Positive. 

a=  1.546,  ^=  1.566,  7-=  1.678 

(r~a)=0.032,   (r-/?)  =  0.022,   (/9-a)«0.010. 

n  =  5^±to^  1.560. 

STRUCTUBB  OF  CBTBTAL8. 

An  additional  feature  of  considerable  interest  is  the  structure  of 
these  crystals.  Although  the  material  is  well  crystallized  and  the 
individual  crystals  sharply  bounded  by  plane 
and  brilliant  surfaces,  the  interior  of  the  crys- 
tals is  in  most  cases  crowded  with  a  mass  of 
small  particles  of  the  same  material  irregularly 
boimded  and  not  in  parallel  position  with  the 
crystal  itself. 

In  some  crystals  these  particles  are  entirely 
absent;  in  others  they  are  sparsely  scattered 
through  the  crystal.  Still  others  contain  a 
vast  number  of  these  particles,  generally  ag- 
gregated close  together.  These  aggregates  are 
either  irregular  in  shape  and  occupy  the  center 
of  the  crystal  or  else  they  are  arranged  in  a  reg- 
ular fashion  patterned  after  the  i^ape  of  the 
crystal  itself.  Such  a  regular  grouping  of  these 
particles  is  shown  in  figure  1,  which  illustrates 
also  the  tabular  habit  of  the  variscite  crystals. 
In  figure  1  the  brachypinacoid  h  (010)  is 
drawn  in  front,  in  order  to  better  show  the  mode  of  distribution  of 
the  particles.    These  particles  are  generally  irregular  in  their  shape, 


Fio.  1.— Vasiscitb  cetstal, 

SHOWmO  BEOULAB  OBOUnNO 
OF  SMALL  PABnCL£S~ft  <010}, 

fii{U0},e{012>.  Thedbacht- 

PINACOID   6{010>IS   DBAWNXN 
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though  occasionally  a  rectangular  one  can  be  noted  among  the  mass. 
The  particles  still  manifest  themselyes  in  the  dehydrated  lavender 
crystals  and  show  no  difference,  except  in  their  orientation  and 
shape,  from  the  rest  of  the  crystal. 

PROPEBTIBS  OF  DBHTDBATBD  LAYBNDBB    YARISCITB. 

The  very  remarkable  color  change  undergone  by  the  mineral  on 
dehydration  at  a  relatively  low  temperature  (below  160°)  also 
markedly  affects  the  optical  properties.  The  most  striking  change 
is  in  the  pleochroism.  The  green  crystals  of  variscite  are  only  faintly 
pleochroic  (colorless  to  pale  green),  whereas  the  lavender  ones  are 
strongly  pleochroic  with  intense  shades. 

The  optical  orientation  of  these  lavender  colored  crystals  could 
not  be  determined,  though  numerous  attempts  were  made,  both  on 
loose  crystals  and  on  thin  sections  of  the  granular  aggregate.  The 
birefringence  of  the  mineral  has  become  so  low  that  no  definite 
effects  could  be  obtained  when  tests  for  axial  angles  were  made. 
Both  basal  and  brachjrpinacoidal  sections  seemed  to  show  the  emer- 
gence of  a  bisectrix  vnth  a  very  lai^e  axial  angle,  though,  as  stated, 
the  results  were  inconclusive.  It  could,  however,  be  easily  seen 
that  the  optical  orientation  was  changed.  In  the  green  crystals, 
viewed  on  the  flat  face,  b  (010),  the  vertical  axis  is  a  direction  of 
minimum  velocity,  but  on  the  lavender  crystals  this  same  direction  is 
one  of  maximum  velocity.  Similarly  on  basal  sections,  the  b  axis  is 
a  direction  of  minimum  velocity  for  the  green  crystals,  whereas  on 
the  lavender  ones  the  b  axis  is  a  direction  of  maximima  velocity. 

The  pleochroism  of  the  lavender  crystals  is  strong  and  very  striking. 
All  the  colors  are  combinations  of  red  and  blue,  and  therefore  rather 
hard  to  describe  accurately.  On  crystals  that  are  not  too  thin  the 
colors  are  very  intense  and  beautiful.  The  brachypinacoidal  sections 
are  strongly  pleochroic,  whereas  basal  sections  hardly  show  any 
difference  in  i^ade  in  different  directions.  The  colors  may  be  de- 
scribed as  follows: 

a  axis  =  lavender. 

b  axis  =  pinkish  lavender. 

e  axis  =  violet. 

The  color  effects  given  above  are  such  as  were  noted  on  crystals 
that  bad  been  gradually  heated  up  to  160°  C.  If  the  green  crystals 
be  suddenly  heated  to  a  high  temperature,  as,  for  instance,  by  putting 
them  on  a  piece  of  platinum  foil  and  suddenly  heating  them  in  the 
hot  flame  of  a  Bunsen  burner,  the  results  are  different.  The  crystals 
are  then  considerably  cracked  and  on  brachypinacoidal  sections  the 
optical  orientation  is  like  that  of  the  green  crystals,  namely,  the  c  axis 
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of  the  crystal  corresponds  to  a  direction  of  minimum  velocity.    More- 
over^ the  pleochroism  is  interchanged,  so  that  now: 

a  axis  =  violet. 
c  axis  =»  lavender. 

The  changes  in  the  indices  of  refraction  and  the  birefringence 
undergone  by  the  green  variscite  crystals  on  changing  to  the  lavender 
phase  are  also  very  marked.  The  mean  refractive  index  has  dropped 
from  1.560  to  about  1.448  and  the  birefringence  from  0.032  to  0.003 
or  possibly  even  less.  The  birefringence  does  not  exceed  0.003  in  any 
section  and  is  much  less  in  most  cases.  The  approximate  values  of 
the  indices,  determined  by  oil  inunersion,  are  as  foUows: 

a=  1.447,^9=1.448,  r- 1.450 
7— a =0.003. 

This  decrease  in  the  values  of  the  refractive  indices  and  the  bire- 
fringence is  accompanied  by  the  loss  of  water  of  the  mineral,  and  it  is 
a  fact  worth  emphasizing  that  the  loss  of  water,  without  destroying 
the  optical  possibilities  of  the  mineral,  decreases  both  these  values. 

When  the  lavender  crystals  are  heated  with  water  on  the  steam 
bath  (not  over  100"^  C.)  for  several  days,  they  gradually  lose  their 
lavender  color  and  become  a  dirty  grayish  white  and  are  then  non- 
pleochroic.  A  sample,  treated  in  this  way  for  about  a  week,  was  then 
air  dried  for  several  days  and  the  loss  on  ignition  (= water  absorbed) 
determined.  This  amount  was  f  oimd  to  be  2.05  per  cent.  The  ignited 
crystals  had  again  become  deep  lavender  in  color.  It  therefore 
seemed  possible  by  appropriate  treatment  to  change  the  dehydrated 
lavender  crystals  back  to  their  original  vivid  green  color.  With  this 
view  in  mind,  some  of  the  lavender  crystals  were  treated  with  hot 
water  for  several  days  until  they  became  grayish  white  in  color  and 
then  sealed  in  a  glass  bomb  with  a  little  water  and  heated  for  several 
hours  at  a  higher  temperature.  The  glass  bomb  was  first  heated  for 
four  hours  at  170^  C,  the  next  day  for  the  same  time  at  190°  C,  and 
the  third  day  for  a  similar  length  of  time  at  225°  C.  Unfortunately  it 
was  not  possible  to  heat  the  tube  at  these  temperatures  continuously, 
as  should  probably  have  been  done.  After  three  days'  heating,  as 
just  described,  the  grayish  white  crystals  had  become  very  pale 
greenish  yellow,  but  when  the  crystals  were  removed  from  the  tube 
and  the  loss  on  ignition  determined  after  they  had  been  air  dried 
for  several  days  the  result  was  disappointing.  A  loss  of  only  1.12 
per  cent  was  found,  so  that  the  crystaJs  had  absorbed  less  water  in  the 
glass  bomb  treatment  than  by  simply  treating  with  hot  water. 

The  crystals  from  the  glass  bomb  were  very  light  brown  or  nearly 
colorless  when  viewed  under  the  microscope.  Pleochroism  was  dis- 
tinct, though  very  slight.    Parallel  to  the  e  axie^  a  direction  of  mazi^ 
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mum  velocity  (unlike  the  green  crystals),  light  brown;  parallel  to  the 
a  axis,  a  light  brown  with  a  decided  greenish-yellow  tint.  The  bire- 
fringence is  about  0.006,  the  interference  colors  on  the  thicker  crystals 
reaching  into  first-order  yellow.  The  areas  of  ''irregular  aggre- 
gates" (shown  in  fig.  1)  are  stronger  colored  and  indefinite  in  character. 
They  somewhat  resemble  the  kaolinization  effects  seen  in  rock  slides. 

BELATION  TO  ANALOOOUS  MINBBALS. 

A  brief  comparison  of  the  optical  j)roperties  of  variscite,  as  given, 
with  those  of  the  analogous  minerals  scorodite,  strengite,  and  phos- 
phosiderite,  shows  some  close  relationships  as  well  as  some  marked 
differences. 

The  optical  properties  of  variscite  given  by  Lacroix*  are  not 
entirely  in  accord  with  those  given  in  this  paper,  but  this  is  due  to 
the  fact  that  Lacroix's  material  was  fibrous  and  not  in  distinct 
crystals.  He  gives  the  axial  plane  as  parallel  to  h  (010),  with  nega- 
tive acute  bisectrix  normal  to  a  (100),  whereas  the  positive  acute 
bisectrix  is  normal  to  c  (001).  The  value  of  2E  is  given  as  about  96° 
and  the  mean  index  as  1.579,  which  is  a  little  higher  than  the  value 
1.560  foimd  on  the  Utah  crystals,  but  is  almost  identical  with  t^e 
maximum  index  found  thereon,  namely  {y)  1.578.  The  birefrbigence 
is  stated  to  be  a  little  higher  that  that  of  quartz,  but  the  birefringence 
observed  by  Lacroix  was  probably  not  the  maximum,  which  reached 
a  value  of  0.032  in  the  crystals  from  Utah.  It  is  not  known  to  what 
extent,  if  any,  the  chromiiun  and  vanadium  present  in  the  green  crys- 
tals from  Utah  infiuence  the  optical  values. 

The  comparison  of  the  chief  optical  properties  of  the  different 

analogous  minerals  can  be  most  conveniently  shown  in  tabular  form. 

The  orientation  of  the  variscite  is  so  chosen  that  the  axial  plane  is 

h  (010),  but  it  is  possible,  as  shown  beyond,  to  so  orient  the  crystals 

that  the  axial  plane  is  a  (100),  analogous  to  that  of  scorodite  and 

strengite. 

Companion  of  optical  relations. 


Mineral. 

Axial 
plane. 

Opt 
sign. 

Br. 

2E. 

Mean 
index. 

Bire. 
fdngenoe. 

Variscite 

b  (010) 
a  (100) 
a (100) 
b  (010) 

+ 
+ 
+ 
+ 

i(oon 

1(001) 
1(001) 
J.  001 

113» 
130» 
60- 
126- 

1.660 

0.03 
.03 
.03 

Scorodite... 

Strengite 

Ph06ph08iderite.. 

1.825 
1.73 

In  adopting  the  orientation  for  variscite  as  given  in  this  paper, 
namely,  with  the  optic  axial  plane  parallel  to  h  (010),  an  interesting 
condition  obtains  for  the  isomorphous  mixtures  of  variscite 
(AlP04.2HaO)  and  strengite  (JPePO^^iRfi),  for  in  the  latter  mmeral 
the  optic  axial  plane  is  parallel  to  a  (100).    Such  an  isomorphous 


iL«crofz,A.    Mingralogtedc  1> Franae, vol. 4, 1910, p. 479. 
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mixture  is  represented  by  the  mineral  barrandite,  of  which  two 
analyses  are  on  record  and  in  both  of  which  the  iron  phosphate 
predominates,  so  that  barrandite,  instead  of  being  a  distinct  min- 
eral species  is,  in  reality,  only  an  alimiinous  strengite.^  Now,  in 
strengite  the  ajdal  plane  is  a  (100)  and  2E  equals  60^,  whereas  in 
yariscite  the  axial  plane  is  b  (010)  and  2E  is  nearly  twice  as  large. 
The  isomoiphous  admixture  of  a  small  amount  of  yariscite  in  streng- 
ite would  therefore  tend  to  decrease  the  axial  angle  of  strengite,  and 
for  a  certain  amount  of  yariscite  the  axial  angle  becomes  zero.  A 
still  greater  amount  of  yariscite  in  the  mixtiu*e  will  giye  an  increasing 
axial  angle,  but  with  the  axial  plane  now  parallel  to  b  (010)  as  in 
pure  yariscite.  Since  the  axial  angle  of  strengite  is  much  smaller 
than  that  of  yariscite,  an  isomorphous  mixture  with  an  axial  angle 
of  nearly  0°  should  contain  more  strengite  than  yariscite.*  Both 
the  analyses  of  barrandite  show  an  excess  of  the  strengite  molecule,  in 
one  in  the  ratio  4  : 3  and  in  the  second  5:2.  In  that  of  the  last 
ratio,  it  therefore  becomes  highly  significant  to  note  that  Lacroix 
in  describing'  barrandite  says  that  the  optic  axes  are  yery  close 
together,  so  that  the  yalue  of  2E  is  yery  small.  In  the  analysis  of 
barrandite  giyen  by  Lacroix  the  ratio  of  Fe^O,  to  Al^O,  is  a1>out  as 
2^  :  1.  An  approximate  calculation  of  the  yalue  of  the  axial  angle 
of  such  an  isomorphous  mixture  shows  that  it  should  be  yery  small 
and  approximately  10*^. 

On  the  other  hand,  it  must  be  stated  that  the  density  and  mean 
refractiye  index  of  barrandite,  as  giyen  by  Lacroix,  are  not  con- 
sistent with  the  yalues  calculated  from  those  of  yariscite  and  streng- 
ite, as  is  shown  by  the  following  table: 


Comparison  of  values  for  barrandite. 


Mineral. 

Density. 

Mean  re- 
fractiye 
index. 

Varfacite 

2.54 
2.87 
2.60 
2.78 

1.660 
1.826 
1.675 
1.740 

Strengite. 

RaiT«D<ntift*  ioun<i . . T 

Barrandite*  calculated 

*  Barrandite  consists  of  5  parts  strengite  and  2  parts  varisdte. 

The  wide  discrepancies  in  the  found  and  calculated  yalues  of  the 
density  and  refractiye  index,  respectiyely,  are  not  in  accord  with 
the  idea  of  the  isomorphous  character  of  barrandite  as  deyeloped 
for  the  optical  orientation. 

1  Compare  the  "Conclusions''  of  the  paper  "A  study  of  the  mtUe  groap,"  in  Bulletin  600,  U.  s! 
Geological  Survey,  entitled,  "Mineralogioal  Notes,  Series  2." 

>  It  is  interesting  to  note  that  should  an  isomorphous  mixture  of  varisdte  and  strengite  be  found  (without 
definite  crystals)  in  such  proportions  that  the  axial  angle  is  0%  the  discoverer  would  be  very  likely  to  con- 
sider the  find  as  a  distinct  new  species,  as  it  would  be  strictly  uniaxial,  while  both  variscite  and  atnngtta 
arebiaxiaL 

»Lacroix,iL    Mineralogie  de  la  Franoe,voL  4i,  1910^  j^  486i. 


Digitized  by 


Google 


HO.  1867.         CRYSTALLIZED  VARI8CITE  FROM  VTAE.—80HALLER,     428 

CRYSTALLOGRAPHY. 


INTRODUCTION . 


The  flat  crystals  are  orthorhombic  in  their  symmetry  and  simple 
in  their  combination.  The  large  tabular  face  is  taken  as  the  brachy- 
pinacoid  and  the  chief  forms  noted,  as  shown  in  figure  2,  are:  h  (010), 
m  (110),  and  e  (012).  In  addition  to  these  forms  the  macropinacoid 
a  (100)  is  sometimes  present  as  a  narrow  face.  Occasionally  the 
crystals  are  much  longer  and  the  prism  faces  more  developed  in 
comparison  with  the  macropinacoid.  The  com- 
mon habit  of  the  crystals  is  as  shown  in  figure  2. 
A  better  idea  of  the  shape  of  the  crystals  can  be 
had  from  figure  1,  on  page  418,  which  shows  a 
variscite  crystal  so  drawn  as  to  bring  the  brachy- 
pinacoid  6  (010)  in  front.  The  rectangular,  tabular 
shape  of  the  crystals,  due  to  the  large  development 
of  the  brachypinacoid,  is  there  well  shown. 

Several  other  forms  are  present  on  these  crystals, 
but  they  could  not  be  determined.  On  crushing 
some  of  the  coarsely  crystallized  aggr^ate  and 
examining  it  under  the  microscope  one  occasionally 
sees  an  acutely  terminated  crystal  which  has  the 
comers  replaced  by  small  faces,  probably  those  of 
the  unit  pyramid. 

In  orienting  the  crystals  of  variscite  three  posi- 
tions are  available,  depending  on  which  pinacoid 
the  broad  face  is  referred  to.  This  broad  face  is 
generally  slightly  striated  vertically.  In  conformity 
with  the  analogous  mineral  scorodite,  the  striations 
are  taken  as  parallel  to  the  c  axis.  Striated  crystals 
of  scorodite  have  been  described  by  several  authors. 
Thus,  Kokscharow  *  states  that  the  form  (010)  is 
strongly  striated  vertically.  Zimtoyi*  describes 
scorodite  crystals  on  which  the  prism  d  (120)  is  verti- 
cally striated,  and  Lacroix'  mentions  vertical 
striations  on  (120)  and  the  two  pinacoids  (100) 
and  (010).  He  also  describes  scorodite  crystals 
slightly  flattened  parallel  to  either  a  (100)  or  b  (010)  and  states 
further  that  a  rare  phase  of  strengite  is  formed  by  plates  flattened 
parallel  to  a  (100). 

The  possibilities  of  the  three  available  orientations  will  be  dis- 
cussed after  the  measurements  of  the  variscite  crystals  are  given. 

1  Xolcacharowy  N.    Hineralogie  Tlusslands,  vol.  6, 1870,  p.  309. 

iZimAnyl,  K.    Beltr&ge  zur  Mincnilogie  der  Komltate  QOmOr  imd  AbanJ-Tonift.    FGld.  K0sL|  voL 
85^  1905,  p.  545. 

*  Laoraiz«  A.   Mineralogie  de  la  France,  voL  4, 1910,  p.  473. 
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Fio.  2.— Vabiscitb 

CRYSTAL    b  {010},  m 

{110},e{012>. 
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CALGXTLA.'nON  OF  ELEMENTS. 

Variscite  being  orthorhombic,  only  two  angular  values  are  neo- 
essary  for  a  determination  of  the  crystallographical  elements. 
The  fimdamental  values  of  variscite  are: 

&Am=(010):(110)=48^  10' 
bAe  =(010):(012)  =  61^  17' 

From  these  values  the  axial  ratio  is  calculated  and  found  to  be: 

a  :&:c= 0.8952  :  1  :  1.0957 

The  measurements  from  which  the  fundamental  values  for  variscite 
were  obtained  are  as  follows:  In  the  measurements  of  the  angle  (010) : 
(110)  it  is  possible  to  obtain  eight  values  on  each  crystal,  namely, 
(010  :  110),  (010  :T10),  (OTO  :  ITO),  (OTO  :nO),  i(110  :Tl0),  i(lTO  : 
110),  90°-i(110  :  110),  QO^'-iaiO  :  TTO).  In  the  following  table 
only  such  ones  of  these  possible  eight  values  are  given  where  the 
reflections  from  the  faces  were  fairly  good  and  distinct: 

Measurements  of  angle  h  A  m={010) :  {110). 


Crystal  No 

1 

2 

4 

6 

6 

7 

Average 

48  28 

47  34 

48  42 
47  21 

47  55 

48  08 

e  * 

48  26 
48  11 
48  33 

47  61 

48  18 
48  14 

•  f 
48  19 
48  44 

47  56 

48  22 
48  10 

48  02 
48  13 

e  / 

48  07 
48  12 
48  14 
48  19 

•  / 

46  59 
49  07 
48  04 

48  01 

48  14 

48  18 

48  06 

48  13 

48  03 

Average  of  26  measurements-48*'  KK. 

For  the  faces  of  e  (012)  the  number  of  possible  measurements  was 
not  so  large  as  the  crystals  measured  were  broken  off  at  the  lower 
end. 

Measyrements  of  angle  h/\e^{010) :  (ftlt). 


Crystal  No.2 jg  ?5 

Crystal  No.3 |ei  Qg 

Crystal  No.4 61  28 

Crystal  No.6 61  19 


Crystal  Ko.« 
Crystal  No.  7, 
Crystal  No.  8 


ATsrage  of  12  measorements— 61*  17'. 


The  only  crystallographical  study  hitherto  made  of  variscite  is 
the  work  of  (Chester*  on  the  Arkansas  mineral.    He  found  some 

>  Chflsttr,  Albert  H.   Note  on  tba  crystallixatlon  of  variscite.   Amer.  Jonm.  Sd.,  8  aer.,  voL  15, 1878, 
p.a07. 
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minutecrystals  with  the  forms  h  (010),  a  (100),  m  (110),  and  c  (001). 
Of  theae,  J,  m,  and  c  were  well  developed.  The  angle  mf\m"' 
(110:  ITO)  is  given  as  66°  54',  but  it  has  not  been  possible  to  correlate 
this  angle  with  any  simple  form  for  the  variscite-scorodite  group. 

The  following  table  gives  the  coordinate  angles  for  the  forms  of 
variscite.  The  table  is  adapted  for  measuring  the  crystals  by  the 
two-circle  method,  but,  of  course,  it  also  gives  the  necessary  inter- 
facial  angles. 


«-a««52,  e-L0957,  pr- 1.2240, 9^1.0067 

No. 

Letter. 

Symbol. 

* 

P 

Odt. 

littUr. 

O        1 

O       1 

1 

h 

Oao 

010 

000 

90  00 

2 

a 

ooO 

100 

90  00 

00  00 

8 

m 

00 

110 

48  10 

90  00 

4 

e 

Oi 

012 

000 

28  43 

The  three  possible  orientations  for  the  variscite  crystals  will  now 
be  given  and  their  relation  to  the  orientation  of  the  analogous  min- 
erals scorodite,  strengite,  and  phosphosiderite  studied. 

FIB8T  ORIENTATION. 

The  first  orientation  is  the  one  chosen  for  the  mineral,  as  it  best 
shows  the  relation  of  variscite  to  the  other  minerals  and  at  the  same 
time  yields  the  simplest  indices  for  the  crystal  forms  of  variscite.  In 
the  comparisons,  two  orientations  are  given  for  phosphosiderite,  both 
of  which  are  different  from  the  accepted  position  of  that  mineral. 
The  first,  phosphosiderite  (1),  is  the  one  suggested  by  Bruhns  and 
Busz^  and  the  second,  phosphosiderite  (2),  is  obtained  by  inters 
changing  the  a  and  c  axes  in  the  generally  adopted  position  and  then 
doubling  the  new  a  axis. 

The  close  relation  between  the  angles  of  variscite  and  the  other 
minerals  of  analogous  composition  can  be  seen  in  the  table  below: 

Comparison  of  angles  (Jvrst  orientation). 


• 
Angle. 

Varis- 
cite. 

Scoro- 
dite. 

Stren- 
gite. 

PlioBphosIderite. 

<1) 

(2) 

6Aw-(010):(110) 
6A«-(010):(012) 

48  10 
61  17 

40  07 
64  30 

•    1 
49  08 
63  50 

•   # 

60  33 
64  52 

•    1 
48  45 
6157 

A  comparison  of  the  axial  ratio  also  shows  clearly  the  similarity 
in  values  and  at  the  same  time  shows  the  very  close  agreement  of 

iZeit.K]78t.lCiiL,yoL17,1890,p.565.   AlaogliwJnI>axia'8SystemofMiiiflnk)8y,Otlied.,U09iP.82^ 
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yariscite  with  phosphosiderite  (2)  and  their  greater  difFerence  from 
the  values  of  the  other  minerals. 

Comparuon  of  axial  ratios  (Jurat  orientation). 


Mineral. 

auds. 

eaxis. 

Soorodite.    .  . 

0.868S 
.8652 
.8052 
.8229 
.8772 

0.0641 
.0827 

1.0067 
.0381 

1.0660 

8trmi£it4 

VariSte 

PhoBphosiderite  ( 1 ) 

Phosphosiderite  (2) 

It  is  to  be  particularly  noted  that  the  agreement  of  values  is  much 
closer  for  variscite  and  phosphosiderite  (second  position)  than  for 
variscite  and  scorodite  or  strengite.  This  fact  led  to  the  suggestion 
that  perhaps  the  mineral  here  described  was  not  variscite  but  a  new 
mineral  bearing  the  same  relation  to  true  variscite  that  phosphosider- 
ite is  supposed  to  bear  to  strengite.  The  analysis,  however,  shows 
that  the  crystallized  variscite  from  Utah  agrees  well  with  the  formula 
Al9O3.P3Os.4H3O.  A  careful  study  of  the  relations  of  phosphosiderite 
to  strengite,  considered  with  the  close  crystallographic  values  of 
phosphosiderite  and  variscite,  lead  to  the  conclusion  that  phospho- 
siderite and  strengite  are  identical  notwithstanding  the  apparent 
differences  in  the  optical  properties. 


8BCOND  OBIENTATION. 


In  the  second  possible  orientation  the  large  face  is  made  the  macro- 
pinacoid  a  (100).  As  the  optical  axial  plane  of  variscite  is  parallel 
to  this  large  face,  such  an  orientation  would  bring  variscite  into  optical 
conformity  with  scorodite  and  strengite.  It  then  becomes  necessaiy, 
however,  in  order  to  retain  the  cr3rstallographical  analogy,  to  give  to 
the  prism  m  the  symbol  (340).  The  dome  e  then  becomes  (102)  and 
the  close  angular  agreement  of  the  minerals  in  this  position  can  be 
seen  by  the  following  table: 

Comparison  of  angles  {second  orientation). 


Angle. 

Varis- 
cite. 

Sooro. 
dlte. 

Stren; 
glte. 

Phosphosldsrite. 

(1) 

(2) 

ftA?*!  (100)1(102) 

•   / 

48  10 
61  17 

•   / 

40  11 
6102 

•   / 

40  06 
60  34 

•    / 
47  80 
60  10 

•    / 

40  28 
68  43 
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On  the  basis  of  the  above  angular  values  the  foUovdng  comparison 
of  the  axial  ratios  is  made: 

Comparison  of  axial  ratios  (second  orientation). 


Minena. 


Varisdte 

Soorodite 

Strengite 

Phosphosiderite  (1) 
Phosphoslderlto  (2) 


a  axis. 


0.8379 
.8658 
.8S52 
.8229 

.8772 


c  axis. 


0.9181 
.9541 
.9827 
.9381 

1.0660 


The  agreement  in  values  is  much  closer  than  for  the  first  orienta- 
tion, but  the  prism  form  loses  its  simple  indices.  It  must  be  said, 
however,  that  this  orientation  has  much  to  commend  it  and  may 
perhaps  be  chosen  in  the  future  as  the  best  one  for  the  mineral, 
especially  when  the  properties  of  strengite  and  barrandite  are  better 
defined  than  they  are  at  present. 


THIRD   ORIBNTATION. 


A  third  orientation  is  still  possible,  namely,  by  considering  the 
lai^e  face  as  the  basal  pinacoid.  Though  the  angular  values  derived 
from  this  orientation  show  a  close  agreement,  such  a  habit  is  entirely 
at  variance  with  that  of  all  the  other  minerals  of  this  group,  and  the 
choice  of  orientation  must  be  left  to  the  first  or  second  one. 

By  making  the  large  face  the  basal  pinacoid  and  taking  m  as  (101) 
and  e  OS  (021),  the  following  comparison  is  obtained: 

Comparison  of  angles  (third  orieniation). 


Angle. 

Varis- 
dte. 

Scoro- 
dite. 

Stren- 
gite. 

Phosphoslderlte. 

(1) 

(2) 

6ATO-(00n:(10n 
6A«  -(001):(021) 

o      / 

48  10 
61  17 

•    / 

47  47 
62  20 

•    / 

48  38 
63  02 

e     / 

48  45 
6167 

0       / 

50  33 
64  52 

From  these  values  the  following  axial  ratios  are  obtained: 
Comparison  of  axial  ratios  (third  orientation). 


Mineral. 


Variacite 

Soorodite 

Strengite 

Phosphosiderite  (1) 
Pliosphofiideiite  (2) 


a  axis. 


0.8170 
.8658 
.8652 
.8229 
.8773 


caxis. 


0.9126 
.9541 
.9827 
.9381 

1.0660 
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TWIN  CRYSTAL. 


A  twin  crystal  was  observed  under  the  microscope  among  the 
crushed  aggregate.  The  twinning  plane  is  (102)  (first  orientation)  as 
the  inclination  of  the  twinned  part  of  the  complex  to  the  untwinned 
part  was  measured  as  31°  and  the  angle  (001):  (102)  is  calculated  as 
31®  28'.  Similar  twins  were  noted  on  phosphosiderite,  again  showing 
the  striking  crystallographical  closeness  of  variscite  with  phospho- 
siderite; and  emphasizing  the  probable  identity  of  phosphosiderite 
with  strengite. 


RELATION  TO  ANALOGOUS  MINERALS. 


It  may  be  stated  that  the  angular  values  for  the  minerals  of  this 
group  are  so  close  in  three  different  directions  that  one  must  be  very 
careful  that  the  correct  position  has  been  chosen.  This  should  always 
be  verified  optically  if  at  all  possible^  as  on  poor  crystals  it  would  be 
difficult  to  distinguish  with  certainty  some  of  the  angles.  This  sim- 
ilarity in  angular  values  can  be  well  shown  by  the  following  table: 

Comparison  of  angles  shomng  similarity. 


Angle. 

Variscite. 

Soorodlte. 

Strengite. 

Pliosphosiderlte. 

(1) 

(2) 

(100):(340) 
(010):(110) 
<001):(1D1) 
(010):(012) 
(001):(021) 
(100):(102) 

•    / 
50  03 
48  10 
50  45 
61  17 
65  28 
58  32 

•    / 
49  11 
49  07 
47  47 
64  30 
62  20 
61  02 

•    / 
49  05 
49  08 
48  38 
63  50 
63  02 
60  24 

•    / 

47  39 
50  33 

48  45 
64  52 
6157 
60  19 

49  28 
48  45 

50  33 
6157 
64  52 
58  43 

It  is  possible  that  the  mineral  vilateite/  the  violet  crystals  of  Des 
Qoizeaux's  hureauUte,  belong  to  this  group.  The  crystals  are  de- 
scribed as  monoclinic,  but  the  angular  differences  from  orthorhombic 
symmetry  are  slight,  and  Lacroix  states  that  optically  the  mineral 
behaves  somewhat  like  an  orthorhombic  substance.  The  similarity 
in  axial  ratios  to  scorodite,  etc.,  can  be  seen  in  the  following  table. 
For  vilateitC;  half  the  a  axis,  as  given  by  Lacroix,  has  been  taken. 

Comparison  of  axial  ratios. 


Mineral. 

• 

a  axis. 

caxls. 

^. 

Vilateite 

0.8479 
.8379 
.8678 
.8652 
.8229 

0.8886 
.9181 
.9583 
.9827 
.9381 

•    f 

89  27 

90  00 
90  00 
90  00 
90  00 

Vaiiacite> 

Strengite 

Phoephoslderite  (1) 

I  Lacroix,  A.    SOnenlogie  de  la  Fraaoe,  voL  4, 1910,  p.  477. 
>  Seeond  orientation. 
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CHEMICAL  COMPOSITION. 

OBNEEAL  PBOPEBTIB8. 

The  mineral  is  infusible  before  the  blowpipe,  but  readily  changes 
its  color  in  a  striking  way.  The  deep  emerald  green  changes  to  a 
deep  lavender  and  the  crystals  take  on  a  much  more  brilliant  luster. 
As  quantitative  analyses  showed,  all  the  water  of  the  mineral  is 
given  oflF  during  the  change  of  color  and  the  lavender  variscite  is 
anhydrous.  Chester^  mentions  a  similar  change  in  color  for  the 
variscite  from  Arkansas,  but  his  results  seem  to  have  been  generally 
overlooked.  In  describing  the  properties  of  the  crystallized  variscite 
Chester  says: 

The  colore  observed  are  deep  emerald  green.  *  *  *  Before  the  blowpipe  it 
becomee  opaque,  friable,  and  of  a  deep  purple  when  hot,  lighter  purple  when  cold. 
In  the  glass  tube  yields  much  water  and  changes  in  color  as  above. 

The  density  of  the  green  mineral  was  found  to  be  2.54. 

The  powdered  mineral  is  insoluble  in  boiling  hydrochloric  acid, 
but  after  dehydration  and  change  in  color  it  readily  dissolves  in  acids. 
The  striking  color  changes  observed  in  the  mineral  suggested  testing 
especially  for  such  rarer  elements  as  had  a  strong  chromatic  eflFect. 
It  was  found  that  chromium  and  vanadium  were  present  in  small 
amounts,  and  a  trace  of  iron  was  also  determined. 

CHEMICAL  ANALYSIS. 

The  results  of  the  quantitative  analysis  and  the  ratios  deduced 
therefrom  are  here  given. 

Analysis  and  ratios  of  crystallized  variscite  from  Ludn,  Utah. 


Analysis. 

Katios. 

HjO 22.68 

PsO» 44.73 

VjOs 32 

Cr,Oa 18 

FejOa 06 

AljOg 32.40 

Ni,  Co,  Cu,l 

Mn,  As, None. 

Ca,  Mg,      1 

100.37 

1.260 
.315 
.0021 
.001 

'*3i8^ 

4.00 
1.00 

1.02 

The  ratios  agree  very  well  with  the  formula  Al20,.P205.4HjO,  thus 
comparing  with  strengite  (Fe2O3.P2O6.4H2O)  and  not  with  phos- 
phosiderite  (Fe308.P205.3iH30)  even  though  the  crystals  of  variscite 
are  much  closer  in  angular  values  to  those  of  phosphosiderite  than  to 
those  of  strengite. 

1  Chester,  Albert  H.    On  the  identity  of  the  so-called  peganite  of  Arkansas  with  the  varisolte  of  Breit 
haupt  and  CaUainite  of  Damour.    Amer.  Jonm.  So!.,  3  ser.,  toL  13, 1877,  p.  2dS. 
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-  The  results  obtained  as  to  loss  of  water  at  different  temperatures 

are  as  follows: 

Lou  of  water  on  heating. 


Tempentnre  *C. 

Color  of  powdered  sample. 

Total  per- 
centage of 
loss  due  to 
water. 

Pale  green 

110*(flntdav) 

Pale  green 

5.09 
9.«7 
12.48 
19.81 
22.50 

U6*  (second  dav^ 

T'lghfp^y*  .. 

no*  (third  diiy) 

P3e  lavender 

iSv.v!^.  ™:.:::::::::::: 

Lavender 

IflO* 

Deep  lavender 

*Tlie  color  called  light  gray  is  very  difficult  to  define.  The  mineral  powder  had  lost  its  original  green 
color  but  did  not  show  any  decided  lavender  shade.  Perhaps  the  combination  of  some  lavender  and  som* 
green  gave  the  resultant  eliect  here  called  gray. 

The  vanadium  and  chromiimi  were  determined  on  a  ^-gram 
portion  of  the  mineral,  the  method  used  being  that  described  by 
EQUebrand.*  After  the  chromium  had  been  determined  colorimet- 
rically,  the  correction  necessary  to  apply  to  the  vanadiimi  deter- 
mination was  foimd  by  titrating  a  hot  sulphuric  acid  solution  of 
sodium  chromate  containing  the  same  amount  of  chromium  oxide 
(Cr,0,),  as  was  present  in  the  sample  of  variscite  analyzed.  Qualita^ 
tive  tests  with  ferricyanide  showed  that  there  was  no  ferrous  iron  in 
the  solution  of  the  mineral  which  had  been  heated  to  160®  C.  There- 
fore, it  was  possible  to  determine  the  state  of  oxidation  of  the  vana- 
dium. For  this  purpose  a  gram  of  the  mmeral  was  heated  to  160®  C, 
which  completely  dehydrated  it  and  changed  its  green  color  to  the 
intense  lavender.  The  powdered  mineral  was  then  dissolved  in 
sulphuric  acid  and  titrated  with  permanganate.  The  amoimt  con- 
sumed was  equivalent  to  0.45  per  cent  vanadium  oxide  (V,0,)  and, 
corrected  for  the  chromiimi  present,  gave  a  value  of  0.41  per  cent 
vanadium  oxide  (VaOj).  This  is  higher  than  the  value  obtained  on 
the  4-gram  sample  (0.32  per  cent)  but  the  lower  result  is  taken  as 
being  the  most  accurate.  It  may  be  here  stated  that  a  cold  solution 
of  bichromate  in  sulphuric  acid  will  consume  a  small  but  appreciable 
amount  of  permanganate  which  has  to  be  determined  and  allowed 
for  in  such  instances  as  the  present  one.  The  ferric  iron  was  deter- 
mined colorimetrically  using  potassium  sulphocyanide. 

An  adequate  explanation  of  the  remarkable  color  change  and 

accompanying  changes  in  physical   and  optical  properties  has  not 

been  found. 

EXPLANATION  OF  PLATE  33. 

Upper  figure. — ^Nodule  of  variscite  from  Lucin,  Utah.  Shows  the  usual  compact 
phase  on  the  left  and  the  crystalline  aggregate  on  the  right.    Natural  size. 

Lower  figure. — Crystallized  variscite  from  Lucin,  Utah.  Shows  a  cavity  in  the 
crystalline  aggregate  with  the  tabular  crystals.    Enlarged  6  diameters. 

Described  on  page  416. 

1  HiUebtaiid,  W.  F.   The  aoAlyili  of  ttUoste  and  carbonate  rocks.    Bull.  422,  U.  S.  Geol.  Surrey,  19ia 
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Crystallized  Variscite  from  Utah. 

For  explanatiom  of  plate  see  paoe  430. 
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[SdENimC  RESULTS  OF  THE  PHIUFPINE  CRUISE  OF  THE  HSHERIES  STEAMER 
*' ALBATROSS,"  1907-1910.— No.  13.] 


DESCRIPTIONS  OF  FIFTEEN  NEW  FISHES  OF  THE  FAMILY 
CHEILODIPTERIDiE,  FROM  THE  PHILIPPINE  ISLANDS 
AND  CONTIGUOUS  WATERS. 

By  Lewis  Radcliffb,* 
Scientific  AMtMUmt,  United  States  Bwreau  o/  Fiahenu, 


The  new  species  of  Cheilodipterid»  herein  described'  were  collected 
on  the  Philippine  expedition  of  the  United  States  Bureau  of  Fish- 
eries steamer  AThatross.  It  is  noteworthy  that  three  of  them  were 
secured  at  a  single  haul  of  the  beam  trawl  at  station  5442^  on  the 
west  coast  of  Luzon.  One  species,  Amia  Ityalinay  was  taken  at 
Talisse  Island,  north  of  Celebes,  outside  the  Philippine  Archipelago. 

Genus  AMIA  Gpono'w. 

A  new  subgenus,  Amioiiesj  is  herein  described.  Because  of  the 
unnatural  groupings  resulting  from  subdivisions  of  the  genus  based 
on  single  characters,  such  as  presence  or  absence  of  serrations  on 
the  preopercle,  character  of  teeth,  character  of  lateral  line,  etc.,  it 
has  seemed  preferable  to  await  a  more  thorough  study  of  the  whole 
group  before  deciding  whether  Ami&ides  is  entitled  to  generic  rank. 


AlflA  DIBNCBA  Smith  and  HadcIUte.Bi 
Plate  34,  fig.  1. 

Dorsal  vi-i,9;  anal  ii,8;  scales  4  +  8-24. 

General  form  elliptical-ovate;  head  2.46,  pointed;  dorsal  contour 
from  tip  of  snout  to  insertion  of  spinous  dorsal  straight,  steep;  body 

I  In  the  study  oi  this  oolleotlon  the  writer  has  been  assoolated  with  Dr.  Hugh  If.  Smith,  who  beoomes 
Joint  author  of  the  new  genera  and  species  herein  described. 

*  The  measurements  herein  used  represent  the  ratio  between  length  of  part  described  and  the  standard 
length  from  tip  of  snout  to  end  of  last  caudal  vertebra,  with  the  exception  of  eye,  snout,  maxillary,  inter 
orbital,  fins,  and  least  depth  of  caudal  peduncle,  which  are  expressed  in  ratio  to  head  measured  from  tip 
of  snout  to  posterior  edge  of  oi)ercle  (not  including  opercular  flap).  The  length  of  caudal  peduncle  is  meas- 
ured between  the  verticals  drawn  at  base  of  last  anal  ray  and  at  end  of  last  vertebra.  Even  when  the 
last  dorsal  and  anal  rays  are  cleft  to  base  they  are  still  counted  as  single  rays.  The  scale  formula  Indi- 
cates the  number  of  scales  In  a  transverse  row  from  insertion  of  dorsal  downward  and  backward  to  and 
Including  lateral  line  and  the  number  of  transverse  rows  above  the  lateral  Itoe,  between  upper  angle  of 
operole  and  end  of  last  caudal  vertebra. 
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deep,  strongly  arched  dorsallj,  ventral  outline  comparatively  straight, 
depth  2.62;  caudal  peduncle  slender,  compressed,  of  nearly  uniform 
depth,  depth  2.50,  length  1.70;  eye  2.76,  prominent;  snout  4.50, 
short;  nostrils  well  separated,  anterior  circular,  near  edge  of  snout, 
posterior  elliptical,  close  to  eye;  maxillary  1.80,  reaching  vertical 
from  posterior  margin  of  eye;  interorbital  4.06;  vertical  margin  of 
preopercle  with  a  few  weak  denticulations,  angle,  horizontal  marg^ 
and  crest  smooth;  bands  of  villiform  teeth,  broadest  in  front,  on 
jaws;  vomerine  and  palatine  teeth  villiform,  slightly  larger  than  the 
others,  in  a  single  row  along  the  ridge  of  the  bone;  scales  small, 
regular,  ctenoid;  lateral  line  arched* 

First  dorsal  spine  small,  second  2.13,  longest  and  strongest;  the 
second  dorsal  rounded,  longest  ray  1.86;  caudal  forked;  anal  2,  similar 
to  second  dorsal;  ventrals  1.97;  pectorals  1.60. 

Color  in  alcohol:  Ground  color  cream-buff;  a  stripe  obscure  anteri- 
orly (probably  brilliantly  colored  in  life),  dusky  Uack  posteriorly, 
about  three-fourths  width  of  eye,  extends  from  scapula  with  a  down- 
ward sweep,  becoming  horizontal  on  caudal  peduncle,  to  tips  of 
median  caudal  rays;  lines  of  lighter  color,  most  distinct  anteriorly, 
margin  this  stripe;  a  walnut-brown  bar  as  wide  as  pupil  from  eye  to 
base  of  pectoral;  fins  hyalin.  . 

Type. — Cat.  No.  70243,  U.S.N.M.,  a  specimen  4.1  cm.  in  length, 
from  Sulade  Island,  Jolo. 


AMIA  PARVULA  Sitiitli  and  Raddlfle.  iww  i 
Plate  34,  fig.  2. 

Dorsal  vi-i,9;  analn,8;  scales  3  +  6-24. 

General  shape  fusiform,  compressed;  head  2.60,  large;  body 
slender,  arch  of  back  greater  than  ventral  surface,  depth  3;  caudal 
peduncle  tapering,  slender,  compressed,  depth  2.75,  length  1.42;  eye 
3,  prominent;  snout  4;  mouth  nearly  horizontal,  tip  of  lower  jaw 
projecting;  maxillary  2.25,  barely  reaching  vertical  from  middle  of 
eye;  interorbital  3.97,  narrow,  flat;  preopercular  margin  finely  ser- 
rate, crest  smooth;  teeth  on  upper  jaw  small,  unequal,  cardiform, 
mainly  in  one  row,  a  wide  toothless  space  at  symphysis;  a  group  of 
six  or  seven  large,  unequal  teeth  on  each  side  of  symphysis  of  lower 
jaw,  narrowing  to  a  single  row  of  smaller  teeth  on  sides,  no  teeth  on 
vomer  and  palatines  (a  few  scattered  papillary  structures  along  the 
ridge  of  the  palatines);  peritoneum  silvery;  scales  regular,  ctenoid; 
lateral  line  incomplete,  six  well-developed  pores  present  anteriorly. 

First  dorsal  spine  3.20,  second  longest  2.40,  spines  weak,  membranes 
not  deeply  incised;  anterior  rays  of  second  dorsal  longest,  1.59,  dis- 
tal margin  slightly  concave;  caudal  long,  deeply  forked,  lobes 
rounded;  anal  1.85,  similar  to  second  dorsal;  ventrals  1.90;  pectorals 
1.40,  long* 
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Color  in  alcohol:  Ground  color  cream-buff^  scales  edged  with  brown, 
darkest  on  dorsal  surface;  a  median  line  on  back  from  occiput  to 
caudal;  blackish  under  dorsals,  elsewhere  brownish ;  a  narrow  brownish 
stripe  from  snout,  over  eye,  along  lateral  line,  fading  out  posteriorly; 
a  brown  stripe  nearly  as  wide  as  pupil  from  tip  of  snout  through  mid- 
dle of  eye  to  tip  of  opercle,  continued  on  body  as  a  narrow  black  Une 
to  caudal  peduncle,  ending  in  a  large  yellowish  white  area  before 
base  of  caudal;  a  silvery  stripe  underneath  this  for  its  entire  length; 
a  black  line  along  base  of  anal  to  base  of  caudal ;  a  brown  stripe  from 
middle  of  maxillary,  under  eye,  across  opercles,  to  base  of  pectorak; 
snout  dusky;  a  large  black  area  on  tip  and  under  side  of  chin;  ante- 
rior margin  of  spinous  dorsal  dusky  black;  a  dusky  brownish  band 
above  base  of  second  dorsal  to  tip  of  posterior  rays ;  a  similar  band  on 
anal;  all  the  fins  slightly  dusky. 

Color  in  life:  Body  translucent,  dorsal  surface  dusky  with  a  narrow 
median  black  line;  a  black  line  from  eye  ending  in  a  brilliant  scarlet 
blotch  larger  than  pupil,  at  base  of  caudal,  margined  below  by  a 
purplish  stripe  on  head,  changing  to  opalescent  green  on  body;  a 
black  stripe  below  this  on  head;  chin  and  nose  black;  top  of  head 
dusky  with  short  silvery  olive  stripes;  lower  head  and  breast  white; 
fins  dusky;  first  dorsal  spine  blackish;  a  red-brown  bar  slightly 
nearer  base  than  tip  of  rays  across  second  dorsal;  anal  similar  to 
second  dorsal,  the  brown  bar  slightly  nearer  base  and  a  black  line 
along  base  continued  on  lower  edge  of  caudal  pedimcle;  iris  dark. 

Type. — Cat.  No.  70244,  U.S.N.M.,  a  specimen  3.9  cm.  in  length, 
from  Tataan  Pass,  Tawi  Tawi  group. 

The  collection  contains  many  specimens,  of  which  the  type  is  the 
lai^est.  Faded  alcoholic  examples  closely  resemble  the  young  of 
A.  margaritopTwra,  but  the  black  area  on  ctdn  is  larger,  the  stripes  are 
darker,  the  pearly  spots  characteristic  of  A.  margaritophora  are  lack* 
ing,  and  the  lateral  line  is  incomplete. 

Among  the  36  examples  from  Saboon  Island,  Ragay  Bay,  Luzon, 
of  which  the  largest  is  3  cm.  in  length,  are  several  females  with  eggs  in 
an  advanced  stage  of  development.  One  example  2.7  cm.  in  length 
is  gravid,  and  the  eggs  are  unusually  large  for  so  small  a  fish. 

AMIA  HYAUNA  SmlUi  and  RaildUfo,  IMW  apodal. 
Plate  36,  fig.  3. 

Dorsal  vn-i,9;  anal  ii,8;  scales  3  +  6-21. 

General  form  ovate,  compressed;  head  2.60,  very  pointed,  dorsal 
profile  concave,  ventral  slightly  convex;  body  short  and  deep,  back 
arched,  depth  2.27;  caudal  peduncle  short  compressed,  depth  2.25, 
length  1.65;  eye  3.50,  small;  snout  3.60,  depressed,  nearly  as  long  as 
eye;  nostrils  widely  separated,  anterior  tubular,  near  tip  of  snout; 
94428*'—Proc.N.M.  vol.41— 11 28 


Digitized  by 


Google 


484  PBOCBBDINGB  OF  THE  NATIONAL  MUSEUM.  vol.41. 

posterior  large,  slitlike,  close  to  eye;  mouth  nearly  horizontal,  upper 
jaw  slightly  longer,  more  or  less  overlapping  the  lower;  maxillaiy 
1.70,  reaching  vertical  from  posterior  margin  of  eye;  interorbital  4, 
rugose,  flattened;  margin  and  crest  of  preopercle  smooth;  broad 
bands  of  small,  viUiform  teeth  on  jaws,  vomer  and  palatines;  scales 
ctenoid;  lateral  line  arched,  incomplete,  7  well-developed  pores 
anteriorly,  indistinct  traces  of  pores  posteriorly. 

Fins  rounded;  first  dorsal  spine  small,  second  half  as  long  as  the 
third,  the  latter  is  longest  and  strongest,  2;  second  dorsal  1.75, 
median  rays  longest;  anal  1.77;  ventrals  1.75;  pectorals  1.48. 

Color  in  alcohol:  Ground  color  buff;  a  dus^  brown  stripe  from 
snout  to  eye,  another  from  eye  to  throat,  a  third  from  upper  third  of 
eye  across  opercles  to  lateral  line,  a  fourth  across  nape;  traces  of 
three  stripes  on  sides,  first  from  in  front  of  dorsal  downward  toward 
angle  of  preopercle,  second  from  under  origin  of  dorsal  to  behind 
pectoral  base,  the  third  under  middle  of  spinous  dorsal;  slight  traces 
of  mottlings  on  first  dorsal;  ventrals  mottled  with  grayish  white; 
other  fins  hyalin. 

Type.—CB,t.  No.  70245,  U.S.N.M.,  a  female  4.7  cm.  in  length,  with 
nearly  ripe  eggs,  from  Talisse  Island,  north  of  Celebes.  Ten  cotypes 
3.5  to  4.3  cm.  in  length. 

Color  in  life  of  a  cotype  4  cm.  long:  Ground  color  hyalin  pearl;  a 
brownish-red  stripe  from  snout  to  eye,  another  from  eye  to  throat, 
another  across  nape  and  three  downward  from  base  of  spinous  dorsal, 
these  latter  more  or  less  olivaceous;  spinous  dorsal  mottled  finely 
with  brownish;  ventrals  similarly  mottled  but  darker;  other  fibos 
immaculate;  abdominal  regions  and  lower  side  of  head  with  more  or 
less  silver;  iris  very  pale  pink. 

AMIA  DIVBR8A  Smith  and  Rudclifle,  now  apodal. 
Plate  37,  fig.  1. 

Dorsal  vii-1,9;  analii,8;  scales  3  +  6-25. 

General  shape  fusiform  in  outline,  strongly  compressed;  head  2.83, 
pyramidal,  the  dorsal  outline  slightly  concave  at  occiput;  body  deep, 
dorsal  and  ventral  outline  strongly  arched,  greatest  depth  2.60; 
caudal  peduncle  long,  tapering  to  base  of  caudal,  slender,  depth  2.23, 
length  1.50;  eye  2.62,  large;  snout  4.30,  short,  depressed;  mouth 
oblique,  lower  jaw  projecting;  maxillary  1.92,  reaching  slightly 
beyond  vertical  from  middle  of  eye;  interorbital  3.66,  flat;  preoper- 
cular  margin  finely  serrate,  crest  and  orbital  bones  smooth;  bands  of 
viUiform  teeth  on  jaws,  those  at  symphysis  and  along  outer  edge  of 
lower  jaw  anteriorly,  unequal;  a  row  of  small  teeth  on  ridge  of  vomer 
and  palatines;  peritoneum  silvery  white;  scales  regular. 

Fins  low;  first  dorsal  rounded,  spines  weak,  third  and  fourth 
longest,  subequal,  2.25:  anterior  rays  of  second  dorsal  longest,  1.46, 
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margin  sinuous;  caudal  emarginate;  anal  similar  to  second  dorsal, 
1.60;  ventrals  1.77;  pectorals  1.40. 

Color  in  alcohol:  Ground  color  pinkish-buflF  dotted  with  brownish, 
darkest  in  front  of  and  at  base  of  anal;  silvery  reflections  on  scales 
on  sides;  some  of  scales  on  back  with  pearl-gray  edgings;  a  seal- 
brown  band  across  tip  of  snout  and  chin  through  eye,  continued  very 
faintly  across  opercles,  margined  below  by  a  silvery  line,  a  silvery 
line  above  it  on  eye;  a  blackish  bar  on  upper  part  of  eye;  tip  of 
opercle  brown;  a  small  round  black  spot  on  caudal  peduncle  at  base 
of  caudal;  fins  hyalin;  upper  membranes  of  anterior  dorsal  spines 
dusky;  a  narrow  black  line  along  base  of  second  dorsal  to  tip  of 
posterior  rays. 

Type.— C&t.  No.  70246,  U.S.N.M.,  a  female  7.8  cm.  in  length,  with 
inmiature  eggs,  from  a  small  stream  in  Canmahala  Bay,  Ragay  Gulf, 
Luzon. 

This  trim  little  fish  appears  to  be  quite  distinct  from  related  forms, 
distinguishable  by  its  coloration  and  deep,  compressed  body.  The 
eye  is  larger  than  in  A.  jenkinsi,  the  lower  jaw  not  so  prominent, 
caudal  peduncle  slenderer,  nuchal  spots  and  stripes  on  top  of  head 
lacking;  caudal  spot  small;  brown  shade  on  tip  of  opercle. 

AMIA  mOROCINCTA  Smith  and  RadcUfle.  iww  ipecfoi. 

Plate  37,  fig.  2. 

Dorsal  vii-i,9;  anal  ii,8;  scales  3  +  6-25. 

General  shape  fusiform,  compressed;  head  2.70,  large,  pyramidal; 
body  deep,  contour  lines  symmetrical,  depth  2.65;  caudal  peduncle 
slender,  compressed,  depth  2.40,  length  1.60;  eye  2.95;  snout  3.88, 
short,  pointed;  nostrils  close  together,  anterior  circular,  posterior 
slitlike;  mouth  oblique,  tip  of  lower  jaw  rounded,  projecting  beyond 
upper;  maxillary  1.87,  reaching  vertical  from  posterior  border  of 
pupil;  interorbital  3.70,  broad,  nearly  flat;  margin  of  preopercle  and 
crest  finely  serrate;  orbital  rim  with  a  few  weak  serrations  on  its 
lower,  outer  margin;  teeth  in  upper  jaw,  sUghtly  unequal,  villiform, 
in  a  broad  band  which  is  narrow  posteriorly;  small  caninelike  teeth  at 
symphysis  of  lower  jaw,  followed  by  a  narrow  band  of  cardiform 
teeth;  a  single  row  of  small,  stocky  teeth  along  ridge  of  vomer,  a  simi- 
lar row  of  somewhat  slenderer  teeth  on  palatines;  peritoneum  silvery 
white  with  dusky  punctulations;  scales  regular,  ctenoid. 

Fins  low;  first  dorsal  rounded,  spines  short  and  slender,  first  small, 
fourth  longest  2.26;  margin  of  second  dorsal  sinuous,  anterior  rays 
longest  1.65;  caudal  emarginate,  lobes  rounded;  anal  1.85,  similar  to 
second  dorsal;  ventrals  1.92,  rounded;  pectorals  1.40. 

Color  in  alcohol:  Pinlrish-buff,  darkest  on  back,  becoming  silvery 
white  on  belly,  everywhere  punctulate  with  minute  brownish  dots; 
scales  with  silvery  reflections;  a  brown  band  from  tip  of  snout  and 
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chin  to  eye;  traces  of  a  contmuation  of  this  band  across  opercles,  most 
distinct  at  preopercle,  traces  of  a  silvery  marginal  line  above  and 
below;  a  narrow  black  girdle  encircles  caudal  peduncle  at  base  of 
caudal,  darkest  at  point  where  it  crosses  lateral  line;  a  broad,  dusky, 
black  band  across  anterior  dorsal  spines;  a  subbasal  black  band  on 
second  dorsal  and  anal,  the  black  is  confined  to  the  membranes;  rest 
of  fin3  hyalin. 

Type.— Ceit.  No.  70247,  U.S.N.M.,  9.1  cm.  in  length,  taken  with  a 
beam  trawl  February  15,  1908,  at  station  6143  (lat.  6^  05'  50"  N.; 
long.  121°  02'  15"  E.),  in  vicinity  of  Jolo,  at  a  depth  of  19  fathoms, 
on  a  bottom  of  coral  sand. 

This  species  resembles  A.  jevJcinsi  Evermann  and  Seale  from  the 
Philippines.  The  lower  jaw  is  not  so  pointed  and  projects  less; 
nuchal  spots  and  traces  of  stripes  on  head  are  lacking;  the  lai^e 
caudal  spot  is  replaced  by  a  narrow  black  girdle,  and  the  bands  on 
dorsal  and  anal  are  more  distinct  and  at  a  distance  from  base  of  rays. 
A.  spHura  (Regan)  is  also  similar,  but  it  has  no  black  stripe  on  second 
dorsal  nor  girdle  on  caudal  peduncle;  and  it  has  a  blackish  stripe  at 
base  of  anal,  a  shghtly  larger  eye,  and  ventral  surface  less  strongly 
decurved. 

Among  the  specimens  from  the  type  locality  are  several  gravid 
females  and  a  male  with  eggs  in  mouth. 

AMIA  uninOTATA  Smtth  and  SadcUfle,  ii0W  ipedM. 
Plate  34,  fig.  3. 

Dorsal  vii-i,9;  anal  n,8;  scales  3  +  6-24. 

General  form  elliptical  ovate;  head  2.40,  conic;  body  robust,  dorsal 
outline  strongly  arched,  depth  2.45;  caudal  peduncle  slender,  com- 
pressed, depth  2.37,  length  1.70;  eye  3.10;  snout  3.70,  rounded; 
nostrils  close  together,  near  tip  of  snout,  the  anterior  tubular,  the  tube 
about  three-fifths  diameter  of  pupil  in  length;  posterior  nostril  slitlike, 
just  above  and  behind  baseof  anterior;  mouth  nearly  horizontal,  lower 
jaw  shghtly  projecting;  maxillary  1.85,  barely  reaching  vertical  from 
posterior  margin  of  pupil;  interorbital  4.40,  flattened,  rugose;  margin 
of  ,preopercle  and  crest  smooth;  teeth  on  jaws  villiform,  in  bands; 
those  on  vomer  and  palatines  in  a  single  row,  along  the  ridge;  scales 
regular,  ctenoid;  lateral  line  strongly  arched,  complete,  24  pores. 

Fins  rounded;  first  dorsal  spine  very  small;  second  slender,  less  than 
half  as  long  as  the  third,  the  latter  is  longest  and  strongest,  2.18; 
second  dorsal  1.95;  anal  2.18;  ventrals  1.85,  barely  reaching  base  of 
anal;  pectorals  1.60,  tips  reaching  vertical  to  first  anal  spine. 

Color  in  alcohol:  Ground  color  sepia,  margins  of  scales  darker;  a 
blackish  slate  spot  about  three-fourths  as  large  as  eye  on  side  above 
middle  of  pectoral;  a  light-colored  obUque  line  halves  the  black  blotch; 
a  slaty  line  from  eye  downward  toward  angle  of  preopercle,  traces  of 
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another  behind  eye  on  opercle;  vertical  fins  and  ventrals  very  dark 
olive  brown,  almost  black;  pectorals  body  color. 

Type. — Cat.  No.  70248,  U.S.N.M.,  5.6  cm.  in  length,  from  Bisucay 
Island,  Cuyos  Islands. 

Color  in  life  of  a  specimen  5.5  cm.  in  length  from  Tara  Island,  Min- 
doro  Strait:  Dusky,  with  reddish  brown  shades  a  round  blackish 
blotch  larger  than  pupil  midway  between  pectoral  and  lateral  line. 

Color  in  alcohol  of  a  specimen  3.9  cm.  in  length  from  dredging 
station  5179:  Drab  gray,  black  blotch  on  side  very  distinct. 

AMIA  SnOATA  Smith  and  RudcUff e,  iww  ipeciw. 

Plate  35,  fig.  1. 

Dorsal  vn-i,9;   anal  n,8;  scales  3  +  6-24. 

General  form  elliptical,  compressed;  head  2.60,  pyramidal,  upper 
profile  straight;  body  oblong,  dorsal  surface  arched  more  than  ven- 
tral surface,  depth  2.71;  caudal  peduncle  deep,  compressed,  depth 
2.16,  length  1.64;  eye  3.38;  snout  4.91,  short;  mouth  very  oblique, 
lower  jaw  projecting  slightly;  maxiUary  1.75,  longer  than  snout  plus 
eye,  reaching  vertical  from  posterior  border  of  eye;  nostrils  large, 
aperture  of  posterior  larger  than  anterior;  interorbital  4.50,  narrow, 
rugose;  upper  margin  of  preopercle  smooth,  angle  with  strong  serra- 
tions, crest  smooth;  outer  orbital  rim  crenulate;  a  band  of  unequal 
cardiform  teeth,  largest  at  symphysis  and  along  inner  edge  of  mandi- 
ble; a  broad  toothless  space  in  front  of  upper  jaw,  a  narrow  band  of 
unequal  cardiform  teeth,  widening  posteriorly,  the  teeth  becoming 
smaller,  villiform;  a  single  row  of  rather  stout  teeth  along  ridge  of 
vomer  and  palatines;  peritoneum  silvery  white  with  dusky  spots; 
scales  ctenoid. 

Fins  rounded,  dorsal  spines  relatively  weak,  fourth  longest,  2.50; 
soft  dorsal  1.69;  anal  1.93;  ventrals  1.75;  pectorals  1.53. 

Color  in  alcohol:  Ground  color  sepia-brown  with  iridescent  silvery 
reflections,  crossed  by  10  bistre  crossbands  of  about  same  width  as 
interspaces,  this  color  is  underneath  scales;  spinous  dorsal  blackish, 
base  of  spines  light;  soft  dorsal  dusky,  a  darker  band  near  base,  base 
light;  caudal  bistre;  anal  very  light;  ventrals  light,  dusky  at  base; 
pectorals  light  with  some  dusky  points;  sides  of  head  iridescent 
silvery,  punctulate  with  bistre,  an  indistinct  bar  frop-  eye  downward 
to  edge  of  preopercular  crest. 

Ih/pe.'-^eLt.  No.  68403,  U.S.N.M.,  8.9  cm.  in  length  taken  with  a 
beam  trawl  at  station  5442  (lat.  16°  30'  36''  N.;  long.  120°  11'  06" 
E.),  west  coast  of  Luzon,  at  a  depth  of  45  fathoms,  on  a  bottom  of 
coral  sand. 

This  species  is  closely  related  to  Amia  lineata  from  Japan,  but  the 
interorbital  is  much  narrower  and  not  so  flattened,  the  eye  is  larger, 
the  snout  shorter,  the  maxillary  longer,  the  cross  bands  darker  and 
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of  about  same  width  as  interspaces,  and  the  fins  darker.    This  species 
is  found  in  company  with  A.  eUioti. 

In  some  of  the  smaller  examples  in  the  collection  the  &kib  are  much 
darker,  almost  black,  and  distal  portions  of  anal  and  ventrals 
blackish. 

AMIA  ALBOMAROnffATA  Smith  aad  KadclUte,  new  i 


Plate  35,  fig.  2. 

Dorsal  vn-i,9;  anal  n,8;  scales  3  +  6-24. 

General  form  elliptical  ovate,  compressed;  head  2.57,  stout,  upper 
profile  slightly  concave,  lower  convex;  body  deep,  back  arched, 
depth  2.57;  caudal  peduncle  deep,  compressed,  depth  2.13,  length 
1.50;  eye  3.94,  small;  snout  3.94,  as  long  as  eye,  blimt;  mouth  oblique, 
lower  jaw  projecting;  maxillary  1.92,  short,  equal  to  snout  plus  eye, 
not  reaching  vertical  from  posterior  border  of  orbit;  anterior  nostril 
small,  posterior  large,  circxdar;  interorbital  4.85,  narrow,  with  a 
low  median  ridge;  margin  of  peropercle  nearly  smooth,  a  few  weak 
denticulations  present;  intramarginal  crest  and  outer  orbital  rim 
weakly  crenulate;  teeth  in  jaws  small,  villiformlike,  rather  stocky  at 
base,  in  bands;  a  single  row  of  teeth  along  ridge  of  vomer  and  palatine 
bones;  scales  regidar,  ctenoid. 

Fins  rounded;  spinous  dorsal  lower  than  soft  dorsal,  spines  rela- 
tively weak,  fourth  longest,  2.52;  soft  dorsal  1.75;  anal  1.94;  ventrals 
1.75;   pectoral  1.53. 

Color  in  alcohol:  Ground  color  light  yellowish  brown,  darkest  on 
back,  with  silvery  reflections  especially  on  ventral  surface;  spinous 
dorsal  blackish  distally;  soft  dorsal  dusky,  tips  of  rays  blackish,  a 
dusky  band  near  base;  caudal  dusky,  lower  margin  white;  anal 
yellowish,  first  ray  and  tips  of  others  white;  ventral  similar  to  anal; 
pectoral  without  white  edgings;  opercle  margined  with  blackish 
posteriorly;   sides  of  head  silvery. 

Type.— Cat.  No.  68402,  U.S.N.M.,  a  specimen  10.2  cm.  in  length, 
from  the  fish  market  at  Cavite,  Luzon. 

This  species  is  distinguished  by  the  plain  coloration,  white  fin- 
margins,  smooth  preopercle,  and  short  maxillary,  which  is  as  long  as 
snout  plus  eye.  In  the  related  species,  A.  glaga,  cariruita,  striata,  etc., 
the  maxillary  is  longer  than  snout  plus  eye. 

Some  ichthyologists  have  placed  in  the  genus  Mioruyras  those 
species  in  which  the  preopercle  is  smooth.  A  comparison  of  this 
species  with  A.  glaga  and  carinato  (margin  of  preopercle  crenate, 
without  serrations)  and  A.  lineata,  eUioti,  and  striata  (margin  of 
preopercle  serrate)  leads  us  to  the  conclusion  that  a  separation  of  these 
species  based  on  the  character  of  the  armature  of  the  preopercle  can 
hardly  be  called  a  natural  classification. 
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AMIA  ATROOA8TER  SrnUh  and  RAdcUffe,  iMW 
Plate  35,  fig.  3. 

Dorsal  yn-i,9;  anal  n;8;  scales  about  3+&-24. 

General  form  elliptical^  elongate,  more  robust  anteriorly;  head 
2.57,  large,  pointed;  body  slender,  compressed,  tapering,  depth  3.27; 
caudal  peduncle  long,  slender,  compressed,  depth  3.03,  length  1.37; 
eye  3.37;  snout  3.63;  mouth  oblique,  tip  of  lower  jaw  projecting 
beyond  upper;  maxillary  2.31,  short,  reaching  vertical  from  middle 
of  eye;  interorbital  4.11,  flat,  smooth;  margin  of  preopercle  strongly 
serrate,  crest  smooth,  angle  somewhat  produced;  mandible  with  a 
narrow  band,  of  unequal  cardiform  teeth  largest  at  symphysis; 
a  similar  band  on  upper  jaw,  the  band  on  sides  is  somewhat  wider 
and  the  teeth  relatively  smaller;  a  row  of  six  or  seven  long  slender 
teeth  on  each  side  of  vomer;  a  similar  row  of  smaller  teeth  along  the 
ridge  of  the  palatine  bones;  gill-rakers  5  +  15,  long,  slender;  scales 
very  deciduous. 

Dorsal  rounded,  third  spine  longest,  2.64;  anterior  rays  of  second 
dorsal  longest,  2.05,  distal  margin  obliquely  truncate;  caudal  forked; 
anterior  anal  rays  longest,  2.17,  margin  sinuous;  ventrals  2.26; 
pectorals  1.76. 

Color  in  alcohol:  Groimd  color  cream-buff;  traces  of  a  slightly 
decurved,  silvery-white  band  from  scapula  to  base  of  caudal;  tip 
of  chin  and  snout  to  middle  of  eye  dusky  black;  dusky  points  on 
head;  iris  silvery;  tip  of  spinous  dorsal  blackish;  caudal  dusky 
distally;  other  fins  hyalin;  peritoneum  silvery  white;  stomach  jet 
black. 

Typ«.— Cat.  No.  70249,  U.S.N.M.,  5.9  cm.  in  length,  taken  with 
a  beam  trawl  at  station  5442  Gat.  16*^  30'  36"  K;  long.  120*^  11'  06" 
S.),  west  coast  of  Luzon,  at  a  depth  of  45  fathoms,  on  a  bottom  of 
coral  sand. 

Of  7  cotypes  4.6  to  5.9  cm.  in  length,  three  are  females  with  eggs 
in  an  advanced  stage  of  development;  one,  evidently  a  male,  has 
the  mouth  so  filled  with  eggs  that  it  is  distorted  and  apparently 
incapable  of  being  closed.  The  black  stomachs  of  nearly  all  are  well 
filled  with  food;  one  which  was  examined  contained  small  crusta- 
ceans. 

AinOIDBS  Smith  and  BadoUffe,  new  snl^cenns. 

Two  long  slender  incurved  canines  at  symphysis  of  each  jaw;  a 
narrow  band  of  cardiform  teeth  merging  posteriorly  into  a  row  of 
slender  canines  on  lower  jaw;  a  narrow  band  of  cardiform  teeth  on 
front  of  upper  jaw,  widening  posteriorly,  and  an  outer  row  of  slightly 
larger  teeth;  a  single  row  of  teeth  on  vomer  and  palatines;  dorsal 
Yn-i,10;  analn,8;  scales  large,  ctenoid;  gill-rakers  long,  about  3 +8. 
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The  teeth  axe  jnuch  stronger  than  in  any  other  species  of  Amia, 
their  arrangement  being  very  similar  to  that  found  in  Synagrops  and 
unlike  that  found  in  CheUodipterus.  Siphamia  Weber  has  eidai^ed 
curved  teeth,  which  are  differently  arranged,  however,  and  in  the  type 
species  {fvbifer)  there  id  more  than  one  row  on  vomer  and  palatines. 

AMIA  (AMIOIDS8)  GROSSn>BNS  Smith  and  KadclUte.  iww  i»«daa. 
Plate  36,  fig.  1. 

Dorsal  vn-i,10;  anal  n,8;  scales  about  3  +  6-24. 

General  shape  oblong,  compressed;  head  2.63,  conic,  compressed; 
contour  lines  of  body  unsynmietrical,  depth  3.10;  caudal  peduncle 
short,  strongly  compressed,  depth  2.50,  length  1.80;  eye  3.43,  small; 
snout  3.60,  pointed,  tip  of  snout  to  origin  of  dorsal  nearly  straight; 
mouth  oblique,  lower  jaw  projecting  slightly;  maxillary  1.90,  short, 
reaching  slightly  beyond  vertical  from  middle  of  eye;  interorbital 
4.17,  broad,  flat,  smooth;  preopercle  armed  with  strong  serrations; 
subopercle  well  developed,  projecting  beyond  tip  of  opercle;  a  strong, 
two-pronged  scapular  spine  present;  a  pair  of  long  slender,  recurved 
canines  at  symphysis  of  lower  jaw  (one  of  these  much  smaller  in  this 
specimen),  closing  between  two  longer  canines  on  upper  jaw  into  pits 
at  symphysis;  a  narrow  band  of  unequal  cardiform  teeth  anteriorly, 
merging  into  a  row  of  long,  slender,  recurved  or  incurved  canines; 
teeth  in  upper  jaw  in  a  cardiform  band  widening  posteriorly  and 
becoming  smaller,  more  uniform,  an  outer  row  of  small  caninelike 
teeth,  strongest  anteriorly;  a  row  of  small  caninelike  teeth  along 
ridge  of  vomer  and  a  similar  row  of  smaller  teeth  on  palatine  bones; 
peritoneum  silvery  white,  scales  ctenoid,  very  deciduous. 

Dorsal  spines  strong,  the  first  short,  the  third  longest,  2.05;  spine 
of  second  dorsal  2.60,  margin  of  fin  nearly  straight,  anterior'  rays 
longest,  1.87;  caudal  forked;  anal  similar  to  second  dorsal,  second 
spine  2.72,longest  ray  1.88;  ventrals  1.93,not  reaching  vent;  pectorals 
1.58. 

Color  in  alcohol:  Ground  color  buff,  dusky  on  back,  silvery  white 
reflections  on  sides  and  ventral  surface;  an  indistinct  blackish  band 
encircling  base  of  caudal;  dorsals  and  caudal  dusky,  other  fins  hyalin. 

Type. — Cat.  No.  70250,  U.S.N .M.,  10,1  cm.  in  length,  taken  with  a 
beam  trawl  at  station  5442  Qat.  16°  30'  36"  N.;  long.  120*^  11'  06" 
E.),  west  coast  of  Luzon,  at  a  depth  of  45  fathoms  on  a  bottom  of 
coral  sand. 

In  SipJiamia  tubifer  Weber  the  teeth  are  not  so  strong  and  differ- 
ently arranged,  and  the  gill-rakers  are  fewer  and  shorter.  Apparently 
the  group  to  which  it  belongs  is  quite  closely  related  to  this  one.  In 
our  species  the  form  and  arrangement  of  the  teeth  are  quite  similar 
to  that  found  in  some  species  of  Synagraps. 
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NEAMIA  Smith  and  Radcliffe,  new  genus. 

Dorsal  fins  united,  vin,i,9;  anal  ii,8;  scales  large,  about  23,  ctenoid, 
lateral  line  complete;  bands  of  small,  vUliform  teeth  on  jaws;  a  few 
scattered  teeth  on  vomer,  none  on  the  palatines;  margin  of  preopercle 
entire;  fins  rounded. 

This  genus  differs  from  Fowleria  in  having  the  dorsals  united,  the 
first  of  8  spines,  and  the  lateral  line  complete,  with  none  of  the  pores 
rudimentaiy. 

Oenotype. — Neamia  odospina. 

HBAMIA  OCTOSPINA  Smith  and  lUdcUffe,  new  apedM. 
Plate  36,  fig.  2. 

Dorsal  vm,i,9 ;  anal  ii,8 ;  scales  3  +  6-22. 

(xeneral  form  eUiptical  ovate,  compressed;  head  2.50,  compressed, 
dorsal  outline  comparatively  straight,  ventral  somewhat  convex; 
body  deep  anteriorly,  depth  2.50;  caudal  pedimcle  short,  compressed, 
depth  2.15,  length  1.87;  eye  3.80,  small;  snout  4,  rather  blunt;  nos- 
trils close  to  eye,  not  widely  separated ;  mouth  large,  nearly  horizontal; 
jaws  subequal;  maxillary  1.75,  reaching  beyond  vertical  from  pos- 
terior margin  of  eye;  interorbital  5.60,  narrow;  margin  of  preopercle 
smooth;  bands  of  villiform  teeth  on  jaws;  a  few  scattered  villiform 
teeth  on  vomer,  none  on  palatines;  scales  large,  ctenoid,  deciduous, 
lateral  line  following  curvature  of  back,  continuous,  pores  well 
developed. 

Fins  rounded;  third  dorsal  spine  longest  and  strongest,  2.24;  the 
eighth  short,  at  a  slightly  greater  distance  from  spine  of  second  dorsal 
than  from  the  one  before  it,  connected  with  spine  of  second  dorsal  by 
a  low  membrane;  second  dorsal  high,  median  rays  longest  1.72; 
median  caudal  rays  longest;  anal  similar  to  second  dorsal  2.03;  ven- 
trals  1.87,  tips  reaching  nearly  to  origin  of  anal;  pectorals  1.40. 

Color  in  alcohol  cream-buflF;  fins  hyalin;  traces  of  a  dusky  bar  from 
eye  upward  toward  scapula,  a  second  from  eye  to  angle  of  preopercle. 

Type.—CsA,.  No.  70251,  U.S.N.M.,  3.7  cm.  in  length,  from  Rasa 
Island,  Mantaguin  Bay,  Palawan. 

Genus  CHEILODIPTERUS  Lac^p^de. 

In  the  species  0.  lineatus,  guinquelineaius,  and  singapurensis  the 
vent  is  more  than  a  half-diameter  of  eye  in  advance  of  the  anal.  In 
the  two  species  herein  described  it  is  even  more  anterior,  being  nearer 
base  of  ventrals  than  origin  of  anal  and  almost  as  far  forward  as  in 
Acropofna. 
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CHBILODIPTBRnS  NIOROTANIATUS  Smith  and  Raddifle,  new  ^poriw. 
Plate  37,  fig.  3. 

Dorsal  vi-i,9;  anal  n,8;  scales  3  +  5-25. 

General  form  elliptical;  head  2.60,  long,  depressed;  body  slender, 
cylindrical,  not  strongly  compressed,  depth  4;  caudal  peduncle  com- 
pressed, depth  2.90,  length  1.66;  eye  3,57;  snout  3.67,  nearly  as  long 
as  eye;  mouth  nearly  horizontal;  maxillary  1.89,  long,  reaching  verti- 
cal from  posterior  margin  of  eye;  interorbital  5.10,  narrow,  flat, 
smooth;  margin  of  preopercle  smooth;  mandible  with  a  row  of  slender 
unequal  canines;  upper  jaw  with  a  row  of  unequal  canines  anteriorly, 
widening  out  into  a  band  of  cardif  orm  teeth,  these  becoming  smaller 
villiformlike;  a  single  row  of  rather  stout  teeth  on  the  vomer;  a  similar 
row  of  smaller  teeth  on  palatine  bones;  peritoneum  silvery  white; 
position  of  vent  cephalad,  much  nearer  base  of  ventrals  than  origin  of 
anal,  its  distance  from  anal  1.65  in  distance  from  anal  to  base  of 
ventrals;  scales  large,  regular,  ctenoid. 

Dorsal  spines  feeble,  first  long,  nearly  as  long  as  second,  second  and 
third  subequal,  2.36;  anterior  second  dorsal  rays  longest,  2.10,  mar- 
gin nearly  truncate;  caudal  short,  broad,  forked;  anal  similar  to 
second  dorsal,  2.30;  ventrals  2.27;  pectorals  2.17. 

Color  in  alcohol:  Groimd  color  silvery  white  tinged  with  yellow  and 
dusky  points;  four  dark  longitudinal  stripes,  the  first  sepia,  from  inter- 
orbital along  median  line  of  back  to  base  of  caudal;  the  second  Van- 
dyke brown,  from  above  eyes  to  upper  caudal  lobe;  the  third  dove 
brown,  encircling  tip  of  snout,  backward  through  middle  of  eye  to 
end  of  lateral  line;  foiuth  almost  black,  from  chin  under  eye,  through 
base  of  pectoral  to  inferior  caudal  base;  stripes  broken  up  on  base  of 
caudal  into  irregular  spots;  interspaces  wider  than  stripes,  mesially 
washed  with  silver  white;  margins  and  articulations  of  caudal  rays 
outlined  with  brown;  other  fins  dusky. 

Color  in  life:  Stripes  black,  interspaces  and  lower  surface  dusl^ 
white;  on  head  interspaces  are  bright  yellow,  area  behind  eye  to  second 
dorsal  also  yellow;  first  dorsal  hyalin;  second  slightly  dusky  in  front; 
caudal  duslrjr,  stripes  on  sides  being  broken  into  dots  at  base;  other  fins 
dusky  or  hyalin. 

Type. — Cat.  No.  70252,  U.S.N.M.,  a  specimen  8  cm,  in  length, 
from  coral  reefs  on  the  northeast  shore  of  Sacol  Island,  east  of 
Zamboanga. 

In  this  species  and  the  one  which  follows  the  vent  is  nearly  as  far 
forward  as  in  Acropoma.  It  agrees,  however,  in  all  essential  char- 
acters with  Chedodipterua. 

There  are  four  examples  in  the  collection,  7.5  to  8  cm.  long,  two 
from  Sacol  Island,  one  from  Tutu  Bay,  Jolo,  and  one  from  Gomomo 
Island. 
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CHBILODIPTBRUS  ZONATUS  Smith  and  RudcUfle.  new  sped«. 
Plate  38,  fig.  1. 

Dorsal  vi-i,9;  anal  ii,8;  scales  3  +  5-25. 

General  form  elliptical;  head  2.61,  long,  depressed,  pyramidal; 
body  slender,  depth  4.02;  caudal  peduncle  compressed,  depth  3, 
length  1.47;  eye  3.34,  large,  its  upper  margin  encroaching  on  flattened 
interorbital;  snout  3.80,  bluntly  rounded;  mouth  large,  nearly  hori- 
zontal; maxillary  1.91,  scarcely  reaching  vertical  from  posterior 
margin  of  orbit;  interorbital  5.04,  narrow,  flat,  smooth;  preopercular 
margin  smooth,  rounded;  a  row  of  slender  canines  on  mandible;  a 
row  of  slender,  unequal  canines  on  upper  jaw  becoming  smaller  pos- 
teriorly with  smaller  teeth  inside  the  main  row;  a  few  small  caninelike 
teeth  in  a  single  row  on  vomer;  a  similar  row  of  smaller  teeth  along 
ridge  of  palatine  bones;  peritoneum  silvery  white;  vent  anterior, 
nearer  base  of  ventrals  than  anal,  its  distance  from  anal  1.76  in  dis- 
tance insertion  anal  to  base  of  ventrals;  scales  ctenoid,  regular. 

Dorsal  spines  feeble,  second  longest,  2.40;  anterior  second  dorsal 
rays  longest,  2.03,  margin  nearly  truncate;  caudal  forked;  anal  similar 
to  second  dorsal,  2.14;  ventrals  and  pectorals  of  equal  length,  2.14. 

Color  in  alcohol:  Ground  color  wood  brown  with  silvery  reflections; 
a  narrow,  dark  chestnut  brown  to  black  stripe  around  snout  through 
eye  to  below  end  of  lateral  line;  a  less  distinct  burnt  umber  stripe 
from  above  eye  to  upper  caudal  base;  trace  of  a  median  stripe  in 
front  of  dorsal;  margins  and  articulations  of  caudal  rays  penciled 
with  brown;  an  indistinct  brown  spot  at  base  of  caudal  above  and 
below  end  of  lateral  stripe;  other  fins  pale  dusky. 

Color  in  life:  Stripes  black,  the  lower  margined  below  with  metaUic 
green;  ground  color  above  dusky  with  an  olive  tinge  shading  into 
lavender  on  head;  region  below  metallic  green  stripe  dusky  yellow; 
first  dorsal  with  a  slight  tinge  of  yellow,  other  fins  dusky  hyalin. 

JVye.— Cat.  No.  70253,  U.S.N.M.,  6.6  cm.  in  length,  taken  with 
dynamite  at  the  southern  end  of  Rita  Island,  Ulugan  Bay,  Palawan. 

Color  in  life  of  the  only  other  specimen  in  the  collection,  6  cm.  long, 
from  Endeavor  Strait,  northwest  coast  of  Palawan:  Traces  of  a 
blackish  stripe  from  nape  to  second  dorsal;  a  narrow  indistinct  stripe 
from  snout  over  eye  to  base  of  tail;  a  distinct  black  band  from  snout 
through  eye  to  below  end  of  lateral  line,  margined  below  by  a  light 
metallic  green  band  of  about  one-half  its  width,  body  and  chin  below 
this  dusky  yellow,  becoming  bright  yellow  on  opercle  and  lower  part 
of  iris;  ground  color  between  lateral  stripes  metallic  green,  becoming 
violet  on  upper  part  of  opercle;  interspaces  on  nape  metallic  green 
shading  into  lavender;  converging  bands  on  snout  lavender,  rest  of 
snout  dusky,  washed  with  yellow;  first  dorsal  and  ventrals  with 
yellow  wash,  other  fins  dusky  hyalin. 
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This  species  closely  resembles  C.  nigrotxniatus,  but  the  caudal 
peduncle  is  longer^  the  snout  shorter,  and  the  coloration  distinctive. 

Genus  SYNAGROPS  GUnther. 

Four  species  have  previously  been  described,  S.  japonicua  from 
Japan,  8.  pJiUippinensis  from  the  Philippines,  S.  argyrea  from  the 
Hawaiian  Islands,  and  8.  splendens  from  the  Gulf  of  Oman. 

8TNAOROPS  SBRRATOSPmOSA  SmJfli  and  RAdcUfte,  new  ^poriw. 
Plate  38,  fig.  2. 

Dorsal  ix-i,9;  anal  n,7;  scales  about  34-7-28. 

General  form  cylindrical  ovate,  compressed;  head  3,  short,  depth 
nearly  equaling  length,  dorsal  and  ventral  contour  lines  nearly  sym- 
metrical, convex;  body  short,  deep,  depth  3;  caudal  peduncle  com- 
pressed, depth  2.75,  length  1.46;  eye  2.65,  large;  snout  3.93,  short, 
rounded;  mouth  small,  oblique;  maxillary  1.93,  reaching  vertical 
from  middle  of  eye;  interorbital  3.15,  broad,  convex,  rugose;  angle 
and  horizontal  margin  of  preoperde  strongly  serrate,  angle  of  crest 
with  four  or  five  strong  serrations;  opercle  ending  in  two  feeble 
spines;  subopercle  produced  beyond  opercle;  posterior  angle  of  inter- 
opercle  serrate;  a  pair  of  elongate,  recurved  canines  at  symphysis  of 
lower  jaw,  in  front  of  these  a  broad  band  of  unequal  cardiform  teeth, 
narrowing  posteriorly  to  a  single  row  of  long,  slender  canines  with  a 
very  narrow  outer  band  of  small  teeth,  which  entirely  replaces  the 
canines  posteriorly;  a  pair  of  long  canines  on  upper  jaw,  wider  apart 
and  allowing  pair  on  lower  jaw  to  close  between  them;  a  band  of 
villiform,  almost  cardiform,  teeth  widening  out  on  sides  of  lower  jaw 
and  again  narrowing  posteriorly;  a  senulimar  patch  of  small  paved 
teeth  on  vomer  and  a  narrow  band  of  cardiform  teeth  on  palatines; 
throat  blackish,  peritoneum  brownish  black;  pyloric  coeca  six;  scales 
cycloid,  very  deciduous. 

Origin  of  dorsal  from  tip  of  snout  2.50  in  length;  dorsal  spines 
well  developed,  third  longest,  1.63,  first  with  a  single  spinule,  second 
with  strong  regular  close-set  serrations,  projecting  tip  of  third  with  a 
single  spinule;  spine  of  second  dorsal  serrate,  longest  ray  about  2.20; 
caudal  forked;  anal  similar  to  second  dorsal,  about  2.20,  second  spine 
strong,  serrate,  2.32;  ventrals  1.46,  spine  serrate;  pectorals  1.30. 

Color  in  alcohol:  Ground  color  cream-buff,  dorsal  surface  dusky, 
ventral  silvery;  fins  dusky. 

Type,— Chi.  No.  70254,  U.S.N.M.,  8.1  cm.  in  length,  taken  with  a 
beam  trawl  at  station  5365  Cat.  13°  44'  24"  N.;  long.  120°  45'  30" 
E.),  Batangas  Bay,  Luzon,  at  a  depth  of  214  fathoms. 

This  species  is  frequently  taken  with  8.  phUippinensis.  It  is 
smaller,  with  a  deeper  body,  shorter,  more  robust  head,  larger  eye, 
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broader  interorbital;  shorter  snout;  weaker  canines^  and  more  spines 
bearing  serrations  on  anterior  margin. 

There  is  a  large  series  of  specimens  in  the  collection  from  the  Phil- 
ippines from  depths  of  96  to  279  fathoms.  The  type  is  a  female  with 
e^s  in  an  advanced  stage  of  development. 

Genus  HYNNODUS  Gilbert. 

This  genus  differs  from  Epigonus  in  having  teeth  on  the  palatines 
and  a  more  elongate  body. 

HYHNODUS  MBOALOPS  Smith  and  RMlclille,  turn  apedM. 
Plate  38,  fig.  3. 

Dorsal  vn-i,10;  anal  ii,9;  scales  4  +  7-50. 

General  form  cylindrical  ovate,  elongate,  depressed  anteriorly, 
compressed  posteriorly ;  head  2.90,  pyramidal,  depressed,  breadth  at 
occiput  greater  than  its  depth,  1.75  in  its  length;  body  cylindrical, 
tapering  posteriorly,  slender,  its  breadth  at  base  of  pectorals  equal 
to  its  depth,  5.30;  caudal  peduncle  slender,  elongate,  compressed, 
depth  3.70,  length  1.37;  eye  2.15,  very  large,  horizontal  diameter 
greater  than  vertical  diameter;  snout  4.07,  short,  pointed;  mouth 
small,  oblique,  lower  jaw  included;  premaxillaries,  mamillaries,  and 
mandibular  bones  slender,  weak;  maxillary  2.67,  short,  narrow, 
partly  covered  by  overhanging  preorbital,  reaching  vertical  from 
front  of  pupil;  anterior  nostril  circular  with  a  raised  border,  posterior 
slit-Uke;  interorbital  4.90,  concave,  orbital  rims  noticeably  raised; 
preopercle  with  a  thin  lamina  projecting  backward  at  angle  to  pos- 
terior margin  of  opercle,  no  serrations;  the  thin  laminae  of  interoper- 
cles  overlapping  on  ventral  surface;  opercle  with  a  strong  spine  near 
upper  angle;  teeth  in  jaws  small,  incurved,  not  crowded  together;  a 
single  row  of  similar  teeth  on  vomer;  palatine  teeth  small,  very  slen- 
der and  quite  widely  separated;  peritoneum  silvery,  washed  with 
brown;  scales  small,  ctenoid,  deciduous,  lateral  line  very  distinct, 
tubes  large,  about  one-third  breadth  of  scale,  54  pores;  head  with 
scales. 

Orighx  of  dorsal  from  tip  of  snout  1.70  in  length;  dorsal  spines 
feeble,  first  short,  third  longest,  about  2.20;  spine  of  second  dorsal 
distinct,  slender,  longest  ray  about  2.10;  anal  spines  slender,  longest 
ray  about  2.30;  ventrals  2.44,  reaching  halfway  to  origin  of  anal; 
pectorals  2.30,  rounded. 

Color  in  alcohol:  Ground  color  buff;  scales  margined  with  sepia, 
many  of  them  entirely  sepia  colored,  especially  below  the  lateral  line 
and  near  head ;  fins  dusky ;  head  dusky ;  opercle  metaUic  blue  shading 
into  black  posteriorly;  throat  blackish. 

Typ^.— Cat.  No.  70255,  U^.N.M.,  15.6  cm.  in  length,  taken  with 
abeam  trawl  at  station  5388  Gat.  12° 51'  30''  N,;  long.  123°  26'  15" 
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E.);  between  Bunas  and  Luzon,  at  a  depth  of  226  fathoms,  on  a 
bottom  of  soft  green  mud. 

This  species  resembles  H.  aiherinoides  Gilbert  from  the  Hawaiian 
Islands.  The  latter  is  slenderer,  has  a  shorter  head,  snout,  and  max- 
illary and  a  slenderer  caudal  peduncle. 

The  collection  contains  three  examples  from  station  5388  and  one 
individual  from  station  5508,  off  northern  Mindanao,  in  270  fathoms. 
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2.  Amia  parvula.    (Page  432.)    From  the  Type. 


3.  Amia  UNiNOTATA.    (Page  436.)    From  THE  Type. 
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1.  Amia  striata.    (Page  437.)    From  the  Type. 


2.  Amia  albomarginata.    (Page  438.)    From  the  Type. 


3.  Amia  atrogaster.    (Page  439.)    From  the  Type. 
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1.  Amia  (Amioides)  qrossidens.    (Page  440.)    From  the  Type. 


2.  Neamia  octospina.    (Page  441.)    From  the  Type. 


3.  Amia  hyalina.    (Page  433.)    From  the  Type. 
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1.  Amia  DIVER8A.    (Page  434.)    From  the  Type. 


2.  Amia  nigrocincta.    (Page  435.)    From  the  Type. 


3.  Cheilodipterus  nigrot>£niatus.    (Page  442.)    From  the  Type. 
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1.  Cheilodipterus  zonatus.    (Page  443.)    From  the  Type. 


2.  Synagrops  serratospinosa.    (Page  444.)    From  the  Type. 


3.  Hynnodus  megalops.    (Page  445.)    From  the  Type. 
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DESCRIPTIONS  OF  NEW  SPECIES  OF  WASPS  IN  THE  COL- 
LECTIONS OF  THE  UNITED  STATES  NATIONAL  MUSEUM. 


By  S.  A.  RoHWEB, 
Bureau  of  Entomology ,  United  States  Department  of  Agriculture,  Washington,  D.  C. 


Many  of  the  following  new  species  were  received  by  the  Bureau  of 
Entomology,  for  determination,  from  Dr.  W.  E.  Britton,  of  New 
Haven,  Connecticut,  and  from  Prof.  GuiUermo  Gandara,  of  Mexico. 
The  last  lot  contained  a  specimen  of  each  species,  with  a  number 
attached. 

Some  of  the  descriptions  of  the  MutiDidsa  may  be  considered  too 
short,  but  as  the  genera  are  well  defined  and  the  species  always 
placed  in  the  species-group  to  which  they  belong,  it  is  beUeved  that 
they  are  of  sufficient  length  to  enable  any  one  who  is  familiar  with 
the  group  in  question  to  satisfactorily  determine  the  insect. 

Superfamily  VESPOIDEA. 

Family  BETHYLID^. 

Genus  PARASIEROLA  Cameron. 

PARASZBROLA  CBLLULARIS  (Say). 

In  view  of  the  fact  that  Ashmead  was  the  first  reviser  of  this 
species  his  determination  should  stand  as  the  type.  The  following 
notes  taken  from  specimens  reared  from  wheat  stubble  in  Oxford, 
Indiana,  and  now  in  the  National  Museum,  may  be  useful: 

Female. — ^Length  3.75  mm.  Mandibles  tridentate;  median  carina 
smaller  above  the  antennal  hump  and  only  about  three-fourths  as 
long  as  below  the  hump;  antennal  joints  cylindrical,  scape  about 
one-third  longer  than  the  third  joint,  much  shorter  than  the  third 
and  fourth,  the  third  joint  a  trifle  longer  than  the  fourth;  head 
granidar,  with  distinct  pimctures  sparsely  interspread;  pronotum 
widening  posteriorly,  the  cephal-caudal  length  subequal  with  the 
posterior  width;  length  of  the  meso-  and  metanotum  subequal; 
propodeum  shorter  than  the  pronotum,  dorsal  aspect  convex  basally ; 
dorsal  and  posterior  aspects  separated  by  a  fine  carina;  thorax 
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granular,  with  a  few  large  punctures  interspread;  abdomen  polished, 
impunctate. 

Specimens  from  the  same  rearing  vary  from  black  to  piceous. 
The  wings  vary  from  dear  hyaline  to  somewhat  fuscous  in  the  stigmal 
area. 

PARASOEROLA  DISTINOUBNDA  Kkller. 

This  is  at  once  distinguished  from  ceUularis  by  the  quadridentate 
mandibles  and  different  antennae.  (Kieffer  ^  describes  the  antenns 
of  distinguenda  thus:  '^Schaft  etwas  langer  als  das  2.  und  3.  Fuhler- 
gUed,  diese  nur  wenig  langer  als  dick,  die  folgenden  wenigstens  so 
lang  als  dick.")  Specimens  which  have  been  determined  as  this 
species  have  the  pronotum  anteriorly  wider  than  the  length.  These 
specimens  come  from  Texas  and  have  been  bred  from  Bruchus 
prosopidis  (Hunter  number  1410  of  Bureau  of  Entomology)  and  an 
unknown  Bruchua  (number  1700). 

Kieffer's  variety  grcudlicornis  has  been  taken  at  Los  Angeles, 
California,  by  Mr.  D.  W.  Coquillett;  Mesilla  Park,  New  Mexico,  and 
"Ckll.,  2704  on  Sisymbrinum,''  by  Prof.  T.  D.  A.  Cockerell.  The 
character  of  the  antenna  is  perhaps  great  enough  to  consider  this  a 
species. 

Family  EUMENID^. 

Genus  ODYNERUS  Latpielle. 
ODTIVSRUS  (STSNODTNERUS)  CAH AMEZICUS,  new  ipeciai. 

Belongs  to  Stenodynerus  of  Saussure's  *' Synopsis  of  American 
Wasps"  and  runs  in  hds  table  to  the  species  of  this  group  to  huastecus 
Saussure,  but  differs  from  the  description  of  that  species  in  a  number 
of  points;  superficially  separated  by  the  red  legs. 

Vertex  bituberculate;  second  ventral  segment  sharply  perpendicu- 
lar anteriorly,  the  dorsal  and  ventral  apical  margins  reflexed. 

Male. — ^Length,  to  apex  of  second  segment,  10  mm.  Clypeus 
much  broader  than  long,  apex  broadly  rounded,  middle  arcuately 
emarginate,  the  emargination  bounded  by  a  small  tubercule  laterally 
surface  with  separate,  distinct  punctures;  front  with  close,  distinct 
punctures;  vertex  and  posterior  orbits  with  separated  punctures  of 
the  same  size;  oceUoccipital  line  subequal  with  the  first  two  flagellar 
joints;  first  joint  of  flagellum  distinctly  longer  than  the  second,  but 
not  as  long  as  the  second  and  third;  flagellar  joints  irregular;  anterior 
angles  of  the  pronotum  subdentate;  thorax  with  distinct,  rather  close 
punctures;  metanotum  perpendicular  posteriorly,  but  not  sharply  so, 
slightly  impressed  medially;  propodeum  laterally  and  dorsally  punc- 
tured like  the  rest  of  the  thorax,  posteriorly  separated  into  two  large, 
oval,  shining  areas  by  cannae;  legs  normal;  first  segment  but  little 


1  BoUner  Ent.  Zeit.,  toL  fiO,  1906,  p.  254. 
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smaller  than  the  second;  suture  between  the  first  and  second  ventral 
segments  not  foveolate;  first  two  dorsal  segments  punctured  like  the 
mesoscutum,  the  apex  of  the  second  densely  so  and  reflexed;  second 
ventral  segment  rather  more  sparsely  so  except  at  the  apex,  where  it 
is  closely  punctured.  Black;  clypeus  pale  yellow;  scape,  pedicellum, 
nasal  orbits  to  and  filling  emargination,  obUque  line  from  superior 
orbits  nearly  meeting  in  middle,  spot  on  posterior  orbits,  pronotum, 
except  a  triangular  lateral  spot,  spot  below  tegulae,  tegulsB,  two  small 
spots  on  scutellum,  line  on  metanotum,  legs  below  trochanters,  two 
nearly  confluent  spots  on  first  and  second  dorsal  segments  and  lateral 
spots  on  second  ventral  (these  spots  are  confluent  with  the  apical  band) 
rufous;  apex  of  all  the  segments  narrowly  yellow;  clypeus,  thorax  and 
basal  abdominal  segments  with  appressed  white  pubescence,  that  of 
the  clypeus  somewhat  silvery;  head  (dense  on  face)  and  thorax  with 
erect  black  hairs;  wings  strongly  dusky,  apically  with  a  violaceous 
tinge,  basally  with  a  yellowish  tinge;  venation  dark  brown. 

Federal  District  of  Mexico.  One  male  from  Prof.  Guillermo  6an- 
dara. 

Type.— Cskt.  No.  14176,  U.S.N.M. 


Genus  ANCISTROCERUS  Wesmeal 

ANCISTROCERnS  (STSNANCISTROCBRUS)  CSANOTHI,  ac 


Superficially  very  like  asecularis  Saussure,  but  has  the  tubercles 
between  the  lateral  oceUi  well  developed.  Very  close  to  fvlvipes 
Saussure,  but  differs  from  that  species  thus: 


A .  fuMpat  Saoanire. 


A.  ctanothU  new  spedea. 


FBHALB. 

1.  Anterior  lateral  angles  of  the  pronotum  dentate. 

3.  Cljrpoos  truncate. 

8.  Femora  mostly  rofo-liBminginoDe. 

4.  Second  dorsal  segment  wltnout  a  frra  pale  spot. 

MALB. 

&  ClTpene  di^nctly  longor  than  wide,  the  omar- 

gmatlon  shallower  and  broader. 
0.  Color  characters  of  female. 


1.  Anterior  lateral  angles  of  the  pronotnm  not  den- 

tate. 

2.  Clypeasema«ginate,bldentate. 

3.  Femora  mostly  black. 

4.  Second  dorsal  segment  with  a  finee  pale  spot. 


5.  Clypeun  but  little  longer  than  wide,  the  emar- 

gmatlon  narrow  and  deep,  the  teeth  sharp. 

6.  Color  characters  of  female. 


Glencarlyn,  Virginia.  Female  and  two  males  collected  June  8  on 
flowers  of  Ceanothus.  Also  a  female  collected  June  14  on  flowers  of 
Ceanothus  at  Falls  Church,  Virginia.    All  collected  by  Mr.  N.  Banks. 

Type.— Csit.  No.  14183,  U.S.N.M. 

If  Robertson's  interpretation*  of  asecularis  Saussure  is  incorrect, 
this  may  prove  to  be  Saussure's  species,  as  it  agrees  well  with  his 
description.  • 

I  Trans.  Amer.  Ent  8oc.,  vol.  27,  April,  1901,  p.  190. 
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Family  MASARIDiE. 

Genus  PSEUDOMASARIS  Ashmead. 

PSBUDOMASASIS  PHACSLLB,  new  ipeciai. 

Belongs  in  with  texanus  (Cresson),  but  is  separated  at  once  by  the 
eyes  being  separated  at  the  vertex  by  a  distance  slightly  greater  than 
the  postocellar  line  (in  texanus  they  are  separated  by  much  less  than 
the  length  of  postocellar  line). 

Male. — ^Length  about  13  nun.  Labrum  obtusely  pointed;  cly- 
peus  strongly  imiformly  convex,  arcuately  emarginate  in  apical 
middle,  finely  pimctiuwi;  front  with  rather  large,  separate  pimo- 
tures;  scape  not  one  and  a  half  times  as*  long  as  broad,  third  joint 
distinctly  shorter  than  fourth;  anterior  ocellus  large,  subreniform; 
pronotum  polished,  with  well-separated  small  punctiures;  mesonotum 
with  distinct,  well-separated  punctures,  which  are  somewhat  closer 
in  the  depressed  area;  mesopleurse  and  scutellum  similarly  punc- 
tured; propodeum  normal;  abdomen  polished,  with  widely  sepa- 
rated punctures  which  become  smaller  posteriorly ;  seen  from  above 
the  first  dorsal  is  arcuately  emarginate  anteriorly;  second,  third,  and 
fourth  dorsal  segment  depressed  basally  by  about  one-third  the 
length  of  the  entire  segment;  processes  of  the  third  ventral  and 
apical  segments  essentially  as  in  texanus;  second  cubital  on  the 
radius  slightly  longer  than  the  distance  between  the  recurrent  veins. 
Black  except  where  mentioned;  apical  half  of  scape,  flagellum  (except 
apical  spots  on  fourth  and  fifth  joints  and  greater  part  of  club),  face 
above  level  of  antennsB  (the  lower  margin  has  three  indentations  of 
black),  most  of  clypeus,  pronotum,  large  circular  spot  below  tegulse, 
tegulac,  spot  above,  two  fan-shaped  spots  on  anterior  part  of  meso- 
scutum  and  a  small  spot  in  front  depression,  spot  on  scutellum  and 
angles  of  propodeum  yellow;  abdomen  with  broad  dorsal  and  ventral 
bands  on  apex  of  all  segments  reddish  yellow  (due  in  part  to  potas- 
sium cyanide?);  legs  reddish -yellow,  knees  yellowish;  wings  vitre- 
ous, hyaline,  slightly  yellowish  in  stigmal  region;  venation  pale 
brown. 

Female. — ^Length  about  12  nun.  Labrum  broadly  roimded  api- 
cally;  clypeus  slightly  convex,  broadly  arcuately  emarginate  teeth 
bounding  emargination  lai^e,  very  finely  granular,  with  large  punc- 
tiures  intermingled;  front  with  large,  distinct  punctures,  which  are 
more  widely  separated  on  the  eye  margins  and  vertex;  postocellar 
line  subequal  with  tlie  ocellocular  line;  scape  short,  third  joint  of 
antennae  as  long  as  the  three  following;  pronotum  with  well-sepa- 
rated large  punctures;  mesoscutum  with  pimctures  the  size  of  those 
of  pronotum,  but  they  are  much  closer  and  especially  so  in  the 
depressed  area;  mesopleurse  more  closely  punctured  than  the  meso- 
scutum; scutellum  punctured  like  mesopleiurse,  with  an  indistinct 
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carina  medially;  angles  of  propodeum  nearly  cylindrical,  long; 
abdomen  with  well  separated,  distinct  punctiires,  which  become 
smaller  posteriorly;  first  dorsal  segment  slightly  emarginate  anteri- 
orly when  seen  from  above;  second  and  third  dorsal  segments 
depressed  basally  for  about  one-third;  apical  ventral  segment  with 
the  large  punctures  well  separated;  second  cubital  cell  on  the  radius 
as  long  as  two-thirds  of  the  distance  between  the  recurrent  veins. 
Black  except  where  mentioned;  antennie  rufo-piceous;  posterior 
orbits  dorsally,  narrow  line  on  inner  orbits  up  to  and  filling  the  eye 
emaigination,  large  spot  on  clypeus,  spot  above,  posterior  margin  of 
pronotum  narrowly,  and  an  elongate  lateral  spot,  large  spot  below 
tegulse,  t^ulse,  spot  above,  large  spot  in  front  of  depression  on  meso- 
scutum,  most  of  scutellum,  angles  of  propodeum,  dorsal  and  ventral 
(except  first)  abdominal  segments  apically  yellow;  pronotum  (except 
where  mentioned),  band  on  scutellum,  elongate  spots  on  second, 
third,  and  fourth  segments  rufous;  legs  rufous;  wings  dusky,  espe- 
cially near  the  veins;  stigma  and  costa  reddish-brown,  veins  dark 
brown. 

The  second  female  has  more  red  on  the  three  abdominal  segments. 

The  female  will  fall  next  to  texanua,  from  which  it  will  easily  be 
separated  by  the  depression  of  the  second  and  third  dorsal  segments. 

If  the  sexes  prove  to  be  wrongly  associated,  the  species  should 
stand  with  the  male  as  type. 

New  Mexico,  Albuquerque.  One  male  on  flowers  of  Phacdia  neo- 
mexicana  May  13,  1910,  collected  by  Mr.  J.  R.  Watson.  MesiUa,  one 
female  collected  May  29  at  flowers  of  Phacdia  by  Prof.  T.  D.  A. 
Cockerell  (Oockerell  No.  5368).  Filmore  Canyon,  one  female  col- 
lected August  28  by  Prof.  T.  D.  A.  Cockerell. 

Type.— Cat  No.  14143  U.S.N.M. 

PSKUDOMA8ARI8  ALBIFROlf S,  new  ipeciai. 

Mcde. — ^Length  about  12  mm.  Very  like  texanus  (Cresson),  from 
which  it  may  be  separated  by  the  following  characters:  Very  few 
laige  punctures  on  the  front  and  these  not  sharply  defined;  posterior 
part  of  mesoscutum  imiformly  punctured  (in  texanus  the  depressed 
area  is  more  closely  punctured);  punctuation  of  abdomen  finer;  sec- 
ond dorsal  segment  depressed  by  fully  half  its  entire  length  (in  teoy- 
anus  it  is  hardly  depressed);  third  segment  hardly  depressed  (in 
texanus  it  is  depressed  by  fully  one-third);  punctures  of  the  apical 
dorsal  segment  more  widely  separated;  second  cubital  cell  on  the 
radius  longer,  being  in  the  type  greater  than  the  distance  between 
the  recurrent  veins  (in  texanus  it  is  much  less);  markings  whitish; 
ciypeus  except  apical  part  pale;  wings  slightly  yellowish  in  stigmal 
area,  otherwise  hyaline. 

New  Mexico.  One  male  from  Las  Cruces,  collected  "on  plum," 
March  25,  1896,  by  Prof.  T.  D.  A.  Cockerell.    A  male  from  Utah, 


Digitized  by 


Google 


452  PR00BBDIN08  OF  THE  VATIONAL  MU8BVM.  ▼ol.41. 

collected  by  Palm,  from  C.  F.  Baker  collection,  differs  slightly  in  the 
venation  and  in  having  the  third  dorsal  segment  more  depressed 
basally. 

2Vp«.— Cat.  No.  14144  U.S.N.M. 

PSKUDOMASARIS  ZOHALIS  HBOliRZICAllUS,  unr  wbipeclM. 

Femaie. — ^Length  10  mm.  Separated  from  the  typical  form  by  the 
large,  separate  punctures  of  the  head,  thorax  and  abdomen;  l^s 
below  the  coxse  red;  large  spot  on  clypeus;  only  a  narrow  line  on 
superior  posterior  orbits,  and  the  emaigination;  spot  on  side  of  pro- 
notum  not  connected  with  the  posterior  pale  margin;  small  pale 
spot  above  tegulse;  flagellum  black. 

Aztec,  New  Mexico.  One  female  collected  May  4,  1899,  at  flowers 
of  Astragalus.    From  C.  F.  Baker  collection. 

2Vp«.— Cat.  No.  14145  U.S.N.M. 

PSSUDOMASAIUS  ZOH ALIS  BASDtUrUS.  IMV  Mb 


Female. — ^Length  9  mm.  Differs  from  the  typical  form  in  the 
larger  and  separate  punctures  of  the  pronotum;  a  distinct  depression 
in  front  of  the  anterior  ocellus;  legs  below  coxae  mostly  red;  wings 
nearly  hyaline;  three  basal  dorsal  segments  mostly  red;  orbits  with 
a  small  spot  in  the  emargination  and  a  line  on  superior  posterior 
margin;  and  lateral  spot  of  pronotum  not  connected  with  the  dorsal 
posterior  margin. 

From  the  subspecies  ruomeiicanus  it  may  be  separated  by  the 
depression  in  front  of  anterior  ocellus,  closely  punctured  abdomen 
and  red  on  the  basal  segments. 

Death  Valley,  CaUfomia.  One  female  collected  April,  1891,  by 
Mr.  A.  Koebele. 

Type.— €at.  No.  14146,  U.S.N.M. 

Family  TIPHIID^. 

Genus  TIPHIA  Fabricius. 

The  following  three  species  of  Tiphia  do  not  agree  with  the  descrip- 
tions of  any  of  the  described  species.  The  species  of  this  genus, 
although  as  a  rule  possessing  good  characters,  have  in  America  not 
been  described  with  sufficient  accuracy  to  make  their  determination 
certain. 

UPHIA  oak AMXZICA,  mw  ipeciai. 

Female, — ^Length  10.5  mm.  Clypeus  rounded  anteriorly,  not 
dentate;  nasal  margin  of  the  eyes  diverging  to  the  clypeus;  head  with 
large,  distinct,  rather  close  punctures  which  are  closer  on  the  front; 
a  glabrous  streak  from  anterior  ocellus;  postocellar  line  distinctly 
shorter  than  the  ocellocular  Une;  ocelloccipital  line  and  ocellocular 
line  of  approximately  the  same  length;  third  antennal  joint  slightly 
shorter  than  the  fourth,  apical  joint  slightly  tapering  much  longer 
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Fio.    1.— Pbopodbal 

SNCL08UBB  OV 
TiPHIA  CAMA1CX33CA 
ROBWXB. 


than  the  preceding  joint;  posterior  margin  of  pronotum  biarcuately 
emarginate;  pronotum  with  close,  small  punctures;  meso-scutum 
with  large,  rather  close  punctures;  scutellum  shining,  very  sparsely 
punctured;  side  of  pronotum  finely  striate,  the  strise  stronger  below; 
mesoepistemum  with  small  well-scattered  punctures;  mesoepimeron 
and  metapleursB  shining,  practically  impunctate;  mesostemum 
punctured  like  the  mesoepistemum,  except  the  lateral  posterior  lobes 
which  are  practically  impunctate;  stemellum  about  one-fourth 
longer  than  greiatest  width,  uniformly  punctured,  and 
with  a  complete  longitudinal  furrow;  dorsal  aspect  of 
propodeum  dull,  irregularly,  finely  punctured,  enclo- 
sure as  in  figure  1 ;  not  foveolate  in  front  of  the  pos- 
terior carina;  posterior  face  sharply  defined;  laterally 
obliquely  striate;  legs  normal;  abdomen  shining  with 
a  few  weak,  scattered  punctiu*es;  first  dorsal  with- 
out a  transverse  suture  or  carina;  basal,  transverse 
suture  of  second  dorsal  finely  foveolate;  pygidium 
coarsely  punctured  basally,  apically  finely  granular, 
apex  obtusely  triangular;  last  ventral  segment 
rounded  to  the  truncate  apex.  Black;  pubescence 
long,  white;  wings  slightly  dusky,  vitreous;  venation  pale  brown, 
stigma  black. 

Federal  District  of  Mexico.    One  female  received  from  Prof.  Q. 
Gandara. 

2Vp«-— Cat.— No.  14181,  U.S.N.M. 

TIPHIA  MBXIANA,  new  tpodet. 

Female. — ^Length  6  mm,  Qypeus  rounded  apically,  slightly 
broadly  produced  in  the  middle,  not  dentate;  iiasal  margin  of  eyes 
distinctly  diverging  to  the  clypeus;  head  with  median-sized  well- 
separated  punctures,  somewhat  closer  on  vertex  and 
posterior  orbits;  postocellar  line  a  little  more  than  half 
as  long  as  the  ocellocular  line;  ocellocular  line  longer 
than  ocelloccipital  line;  basal  joints  of  flagellum  cari- 
nate  beneath,  the  first  joint  subequal  with  the  second, 
apicaljoint  distinctly  longer  than  the  preceding;  posterior 
margin  of  pronotum  biarcuately  emarginate,  surface 
punctured  somewhat  closer  than  the  head;  mesoscutum 
with  rather  larger,  separated  pimctures;  scutellum  im- 
punctate medially ;  side  of  pronotum  very  finely  striate, 
strisB  stronger  below;  mesoepistemum  and  stemum  (except  the 
impunctate  posterior  lobes)  with  well-separated,  distinct  punctures; 
mesoepimeron  and  metapleursB  very  findy  granular;  stemellum  one- 
fourth  longer  than  apical  width  uniformly  sculptured,  with  a  deep 
longitudinal  furrow;  dorsal  aspect  of  propodeum  dull,  indosure  as  in 
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figure  2;  anterior  to  the  posterior  carina  veiy  sparselj  foveolate;  pos- 
terior face  sharply  defined;  sides  finely  striate;  abdomen  as  in  canor 
mexica  but  more  sparsely  punctured;  pygidium  punctured  basally, 
longitudinally  striate  in  middle,  shining  apically,  broadly  rounded 
apically ;  last  ventral  plate  rounded  apically,  very  slightly  emarginate 
medially.  Black;  pubescence  white;  wings  clear  hyaline,  vitreous; 
venation  dark  brown,  stigma  black. 

Federal  District  of  Mexico.  One  female  received  from  Prof.  O. 
Gandara. 

Type.— Cat.  No.  14182,  U.S.N.M. 

nPmA  FXJLVrr ARSIS,  iww  fredei. 

Male. — ^Length  5  mm.  Clypeus  somewhat  depressed  laterally, 
medially  with  a  short,  produced  truncate  process,  surface  with  irregu- 
lar, sometimes  confluent,  punctures;  *head  transverse,  with  scattered 
distinct  punctures;  ocelli  in  a  low  triangle;  postocellar  line  subequal 
with  ocellocular  line;  scape  rather  short,  much  broader  apically; 
pedicellum  but  little  longer  than  broad,  third  joint  subequal  in  length 
with  the  fourth,  antenna  beyond  the  sixth  joint  wanting;  pronotum 
carinate  anteriorly  notched  in  the  middle,  posterior  margin  produced 
in  the  middle,  biarcuately  emarginate,  anterior  part  with  large,  sepa- 
rate punctures,  posteriorly  practically  impunctate;  nautali  wanting; 
mesoscutum  depressed  medially  where  the  punctm^es  are  closer,  with 
large,  separate  punctures;  scutellum  punctured  like  the  sides  of 
mesoscutum;  metanotum  with  dose,  small  punctures;  dorsal  aspect 
of  propodeum  finely,  subgranular,  inclosure  sharply  defined,  trape- 
zoidal in  outline,  broader  basally,  with  an  indistinct  median  carina; 
sides  of  propodeum  with  strong  longitudinal  carina  dorsally,  ven- 
trally  finely  striatopunctate;  propodeal  spiracle  oval  in  outline, 
slightly  basad  of  middle;  stemellum  acutely  triangular,  without  a 
median  sulcus;  first  dorsal  without  a  medial  transverse  carina,  very 
sparsely  punctured,  posterior  margin  with  a  punctate  furrow;  second 
dorsal  polished,  very  sparsely  punctured;  apical  part  of  third  and 
the  following  dorsal  segments  with  close,  distinct  punctures;  pos- 
terior trochanter  subangulate  posteriorly;  posterior  calcaria  slender, 
but  little  shorter  than  the  basitarsis;  stigma  broadly  rounded 
apically,  broader  apically;  radial  cell  distinctly  shorter  than  the 
first  cubital,  angulate  at  the  first  transverse  cubitus;  transverse 
median  slightly  basad  of  basal.  Black;  anterior  tibi»  rufo-piceous; 
tarsi  ferruginous;  hairs  white;  wings  hyaline,  beyond  stigma  dusky. 

Puira,  Peru.  One  male  collected  November  1,  1910,  by  Mr. 
C.H.T.Townsend. 

Type.— Cat.  No.  14142,  U.S.N.M, 
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Family  MUTILLID^. 

Genus  PYCNOMUTILLA  Ashmead. 

This  includes  Fox's  groups  vxlco  and  asoTpus.  It  is  closest  to 
DasymtUilla  Ashmead,  being  separated  by  the  tridentate  mandibles 
and  normally  different  conformation  of  the  pygidium.  The  male  have 
the  tarsi  with  fewer  spines. 

PYCNOMUTILLA  HARMONIA  (Fox). 

A  pair,  supposed  to  be  taken  in  copula,  brings  to  the  light  the  male 
of  this  species  known,  heretofore,  only  from  the  female.  The  specimens 
were  taken  by  Mr.  A.  H.  Manee,  Southern  Pines,  South  Carolina, 
September  1,  1907. 

The  male  belongs  to  group  asopus  of  Fox,  and  in  his  table  runs 
to  hexar  (Blake),  but  may  at  once  be  distinguished  from  that  species 
by  the  absence  of  a  carina  on  the  second  ventral  segment,  and  the 
larger  and  (seen  from  side)  more  strongly  nodose  petiole.  The  carina 
of  the  first  ventral  segment  is  nearly  straight,  being  only  slightly 
arcuate. 

Superficially  the  male  is  like  DasymuttUa  castor  (Blake),  but  as  Mr. 
Fox  places  this  in  the  group  of  bidentate  mandibles  it  can  not  be  that. 

The  female,  which  is  rather  rubbed,  differs  from  the  typical  form 
in  the  markings  of  the  second  dorsal  segment  being  wanting  and  the 
absence  of  black  hair  on  same  segment. 

PYCNOMtniLLA  HARMONIIFORMIS,  new  ipeciai. 

Male. — ^Length  12  nun.  Differs  from  Tiarmonia  (Fox)  in  the  carina 
of  the  first  ventral  segment  being  produced  into  a  sharp  tooth  beneath; 
and  the  first  segment  (seen  from  the  side)  not  nodose.  The  first  seg- 
ment is  rufo-femiginous. 

Lyme,  Connecticut.  One  male  collected  July  31,  1910,  by  Mr. 
A.  B.  Champlain. 

Type.'-Cskt.  No.  14123,  U.S.N.M. 

F7CNOMirnLLA  BOTJLDBRENSIS  (lUhiror). 
Ephuta  hovJderenns  Rohwer,  Tran.  Amer.  Ent.  Soc,  vol.  35,  1909,  p.  133. 
Type.— C^t.  No.  14120,  U.S.N.M. 

PYCNOMUTILLA  SPARSIVOIOICES  (CockmU  and  Robwer). 
Ephuta  spantfanma  Cogxbsell  and  Rohweb,  Psyche,  1908,  p.  4. 

Genus  DASYMUTILLA  Ashmead. 
This  is  Fox's  ^  group  occidenialis. 

1  Trans.  Amer.  Ent.  8oc.,  vol.  25, 1899,  p.  230-249. 
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Group  FEBBUOATABUX. 

[»Fox  catagories  22  to  27,  pp.  232  and  233.] 
Unless  otherwise  stated  the  pygidium  is  strongly  longitudinally 
striated;  and  well  defined  laterally. 

DASTMUTILLA  IKRRUOATA,  var.  BAIABBTSI,  iMw  lukdj, 

FemdU. — ^Length  11.5  mm.  Differs  from  the  typical  form  in 
having  red  legs. 

Crescent  City,  Florida.     One  female  collected  by  Mr.  Hubbard. 
IVp^.— Cat.  No.  14124,  U.S.N.M. 

DASTMimLLA  OBOROIANA,  new  ipeciai. 

Separated  froia  ferrugata  by  the  very  prominent  eyes. 

Female. — ^Length  8  mm.  Head  seen  from  in  front  with  the  outer 
margins  of  cheeks  subparallel,  cheeks  not  expanding  beyond  the 
inner  margin  of  the  eyes;  length  of  the  second  and  third  joints  of 
antennse  beneath  subequal  with  the  length  of  fourth  and  fifth;  dorsu- 
lum  more  coarsely  punctured  than  the  head  or  sides;  metapleiurse 
and  sides  of  propodeum  with  large,  separate  punctures;  carina  of 
first  ventral  as  ia  ferrugata;  legs  rather  feebly  spinose;  second  dorsal 
with  nearly  uniform,  small,  separate,  irregular  punctures.  Antennse 
and  legs  piceous;  apex  of  second  dorsal  with  a  small,  medial  patch 
of  white  pubescence;  otherwise  colored  e^a  ferrugata,  except  appressed 
pubescence  is  not  as  dense. 

Georgia. 

Type.— Chi.  No.  14125,  U.S.N.M. 

DASTMUrnjJl  PLBSIA,  new  fpedet. 
MtUilla ferrugata  Cresson,  Trans.  Amer.  Ent.  Soc,  vol.  4, 1872,  p.  193  (part). 

Separated  {Tom  ferrugata  by  the  second  and  third  jomts  of  antenna 
being  distinctly  shorter  than  the  fourth  and  fifth. 

Female. — ^Length  10  mm.  Eyes  prominent,  but  not  as  distinctly 
so  as  in  georgiana;  cheeks  and  vertex  sparsely  punctured,  front  closely 
so;  dorsulum  more  coarsely  sculptured  than  the  sides  or  head; 
metapleursB  and  sides  of  propodeum  with  large  separate  punctures; 
legs  strongly  spined  for  group,  apical  spines  of  penultimate  joint  of 
posterior  tarsi  subequal  with  the  length  of  untimate  joint;  ventral 
carina  of  first  segment  as  ferrugata;  first  dorsal  sparsely  punctured 
medially;  second  dorsal  with  lateral  basal  area  and  sides  sparsely 
punctured,  the  rest  with  uniform  small  punctures.  Rufo-ferruginous ; 
antennsB  piceous;  legs,  apex  of  second  and  all  the  following  segments 
black  or  very  dark  piceous;  head,  thorax  and  most  second  dorsal 
with  appressed  golden  pubescence;  head  most  of  thorax  and  the 
greater  part  of  second  dorsal  with  sparse  erect  golden  hair;  posterior 
face  of  propodeum  and  first  dorsal  with  scattered,  erect,  black  hairs; 
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apex  of  first  dorsal  with  black  hair;  quadrate  spot  of  black  hair  at 
basal  middle  of  second  dorsal;  apex  of  second  dorsal^  except  at 
extreme  sides  with  black  hair;  apex  of  third  and  following  and  lateral 
apical  margin  of  second  with  white  hair;  apical  ventral  maigin  of 
second  and  following  segments  with  white  hair. 

Ocean  Beach  (opposite  Miami),  Florida.  Eight  females  collected 
November  8  by  Mr.  C.  H.  T.  Townsend.  One  female  from  Texas 
(Belfrage)  and  two  females  from  Washington,  District  of  Columbia. 

Type.— Co^t.  No.  14126,  U.S.N.M. 

The  largest  specimen  is  14  mm.,  the  smallest  one  8  mm. 


DASTMimLLA  BRRANS,  IM 
Mutillaferrugata  Crbsson,  Trans.  Amer.  Ent.  Soc.,  vol.  4,  1872,  p.  198  (part). 

Female. — ^Length  11  mm.  Differs  from  plesia  as  follows:  Meta- 
plursa  without  large  punctures;  apex  of  first  dorsal  segment  with 
white  hair;  apex  of  second  dorsal  with  band  of  white  hair  narrowly 
interrupted  in  middle;  appressed  black  pubescence  at  base  of  second 
dorsal  poorly  defined  or  wanting;  posterior  tarsi  feebly  spined. 

Texas  (Belfrage);  Brownsville,  Texas,  August  30,1896,  collected 
by  Mr.  C.  H.  T.  Townsend. 

Type.— Ceit.  No.  14127,  U.S.N.M. 

DASTMui'uXA  BOSQUBNSIS,  new speclM. 

Superficially  like  errans,  but  differs  widely  in  structure  as  will  be 
seen  by  the  following  description. 

Female. — ^Length  10.5  mm.  Fourth  antenna!  joint  distinctly 
narrowed  below,  the  third  joint  subequal  in  length  with  the  fourth  and 
fifth  ventrally;  head  with  distinct  separate  punctures,  but  little 
closer  on  the  front;  metapleursB  without  large  punctures;  sides  of 
propodeum  with  large  separate  pimctures;  camia  of  first  ventral 
broadly  arcuate,  anterior  tooth  larger;  second  dorsal  coarsely  punc- 
tures, punctures  sometimes  confluent;  legs  not  strongly  spinose. 
Colored  hke  errans  except  the  black  spot  in  basal  middle  of  second 
dorsal  is  betber  defined. 

Waco,  Bosque  County,  Texas.  One  female  from  the  Belfrage 
collection. 

Type.—CsLi.  No.  14128,  U.S.N.M. 

DASTMUTILLA  BLAWA,  new  ipeciai. 

Fem/ile. — ^Length  9  mm.  Fourth  antennal  joint  distinctly  nar- 
rowed below,  the  third  subequal  in  length  with  the  fourth  and  fifth 
ventrally;  cheeks  sparsely  punctured,  vertex  and  front  more  closely 
so;  punctures  of  the  dorsulum  not  very  compact,  and  of  the  same 
size  as  those  of  the  pleurae;  metapleursB  without  large  punctures; 
carina  of  first  ventral  segment  strongly  bidentate^  the  anterior  tooth 
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not  as  robust  as  the  posterior  one;  first  dorsal  with  large  punctures 
in  midcQe,  second  dorsal  with  uniform,  rather  close,  and  large  punc- 
tures; tarsi  not  very  strongly  spined.  Rufo-femiginous;  antennae, 
legs,  apex  of  the  second  and  the  following  segments  black  or  piceous; 
appressed,  short,  reddish-golden  pubescence  on  head,  thorax  and 
most  of  second  dorsal  segment;  insect  generally  with  sparse,  erect 
black  hair;  legs,  apex  of  second  and  foDowing  segments,  broadly 
interrupted  laterally  on  the  second  and  third  with  silvery  pubescence; 
apex  of  second  and  a  more  or  less  defined  basal  middle  of  second 
dorsal  segment  with  black  hair. 

Ames,  Iowa,  one  female  (type);  Riley  County,  Kansas,  July  and 
September,  two  females,  coDected  by  Mr.  C.  L.  Marlatt;  and  one 
female  from  Colorado,  C.  F.  Baker  collection. 

Type.— Cs^t.  No.  14129,  U.S.N.M. 

The  specimen  from  Colorado  has  the  basal  spot  on  the  second  dorsal 
more  sharply  defined  and  the  anterior  tooth  of  the  carina  of  the  first 
ventral  segment  is  larger  than  the  posterior. 

Except  for  some  minor  points  this  agrees  well  with  the  descrip- 
tion of  sparsa  (Fox).  It  may  eventually  prove  to  be  a  variety  of 
Fox's  species. 

DASTMUmXA  FSRRUOATBLLA,  nsw  ■peetos. 

Superficially  like  ferrugata,  but  the  carina  of  the  first  ventral  seg- 
ment and  the  relation  of  antennal  joints  are  different. 

Female. — ^Length  7  mm.  Fourth  joint  of  antennsB  not  or  scarcely 
narrowed  below,  third  joint  much  shorter  than  the  foiu'th  and  fifth; 
cheeks  more  sparsely  punctured  than  the  front;  dorsulum  more 
coarsely  punctured  than  the  front;  metapleurcB  without  large  punc- 
tures; sides  of  propodeum  with  large,  scattered  punctures;  first 
dorsal  with  a  few  large  punctures  in  middle;  second  dorsal  imiformly, 
sparsely  punctured;  carina  of  first  ventral  bidentate,  teeth  of  equal 
size.    Colored  ]jke  ferrugata. 

Pennsylvania  (type)  one  female,  C.  F.  Baker  collection;  Louisiana, 
one  female,  C.  F.  Baker  collection. 

Type.— Cat.  No.  14130,  U.S.N JM. 

DASTMXmLLA  COLORADELLA,  new  Bpedet. 

Female. — ^Length  10  mm.  Fourth  antennal  joint  not,  or  scarcely, 
narrowed  beneath,  the  third  joint  distinctly  shorter  than  four  plus 
five;  cheeks  more  sparsely  punctured  than  the  front;  dorsulum  with 
large,  close  pxmctures;  sides  of  propodeum  more  sparsely  punctured; 
metapleursB  with  appressed,  whitish  pubescence,  with  a  few  large 
punctiires;  carina  of  the  first  ventral  segment  bidentate,  the  anterior 
tooth  robust,  and  rounded,  the  posterior  one  slender,  acute,  trian- 
gular; first  dorsal  with  large  punctures;  second  dorsal  with  sparse, 
elongate  punctures  (basally  the  puinctures  are  circular);  legs  rather 
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feebly  spined.  Colored  like  ferrugaia  except  the  erect  hairs  of  head 
and  thorax  are  black. 

BoTxlder,  Colorado  (type),  one  female  collected  May  3,  1909,  by 
&  A.  Rohwer ;  Florissant,  Colorado,  one  female  collected  July  4, 1907, 
by  S.  A.  Rohwer;  three  females  from  Colorado  (C.  F.  Baker  collec- 
tion). 

Type.— Cb.i.  No.  14131,  U.S.N.M. 

Legs  black  or  piceous. 

DASTMUmXA  COLORADSLLA  VEEtOimCA,  new  tulMpeeka. 

Female. — Length  11  mm.  Differs  from  the  typical  form  in  having 
the  erect  hairs  of  the  head  and  thorax  sparse  and  reddish-golden. 
The  propodeal  spiracle  is  more  elongate  and  it  may  prove  to  be  a 
distinct  species. 

Woodstock,  Virginia.  One  female  collected  Jime  9,  1898,  by  Mr. 
F.  C.  Pratt. 

Type.— Cat.  No.  14132,  U.S.N.M. 

DASTMtniLLA  COLORADBLLA  KAMLOOPSBNSIS,  new  i 


Female. — Length  9  mm.  Differs  from  the  typical  form  in  having 
the  posterior  tooth  of  the  carina  of  the  first  ventral  segment  hooked 
posteriorly.     (In  the  typical  form  this  is  straight.) 

Kamloops,  British  Columbia.  One  female  collected  by  Professor 
Wickham. 

Typ^.— Cat.  No.  14133,  U.S.N.M. 

DASTMimLLA  SBGRBOATA*  new  epedes. 

Female. — ^Length  10.5  mm.  Fourth  antennal  joint  not  narrowed 
below,  the  third  joint  subequal  with  four  plus  five  ventrally,  joints 
four  and  five  carinate  beneath;  cheeks  punctured  much  like  the  front; 
dorsulum  with  rather  small,  sometimes  confluent  punctures;  sides  of 
propodeum  with  weU  separated  punctures;  metapleursB  with  small, 
well-defined  punctures;  carina  of  first  ventral  segment  bidentate,  teeth 
rounded,  the  anterior  one  slightly  larger;  first  dorsal  without  large 
punctures  medially;  second  dorsal  with  close,  rather  small  pimctures, 
the  lateral  basal  area  impimctate,  shining;  legs  rather  strongly 
spined.  Colored  '^Qferrugala;  metapleurae  without  appressed  pubes- 
cence. 

Pennsylvania.    One  female  from  C.  F.  Baker  collection. 

3Vp«.— Cat.  No.  14134,  U.S.N.M. 

DASTMUTILLA  SBORBOATA  FHflTI,  new  tubepedet. 

Female. — Length  9  mm.  Differs  from  the  typical  form  in  the 
absence  of  a  spot  of  black  pubescence  at  base  of  second  dorsal  seg- 
ment; red  antennsB  and  legs;  and  larger  anterior  tooth  carina  of  first 
ventnJ  segment. 
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Egypt,  Georgia.  One  female  from  Mr.  W.  H.  Finn,  for  whom  the 
form  is  named. 

Type.— Cat.  No.  14135,  U.S.N.M. 

The  specimen  is  somewhat  rubbed  and  in  fresh  specimens  there 
may  be  a  pale  spot  of  pubescence  in  apical  middle  of  the  second 
dorsal  segment. 

DASTMUTILLA  BRUNSKI,  new  fpeclM. 

Female. — ^Length  9  nmi.  Fourth  antenna!  joint  not  or  scarcely 
niUTowed  below,  third  joint  distinctly  shorter  than  the  fourth  and 
fifth;  cheeks  more  sparsely  punctured  than  the  front;  dorsulum 
with  separate,  well-defined  punctures;  sides  of  propodeum  more 
sparsely  punctured;  metapleurae  shining,  with  very  fine,  separate 
punctures  and  a  few  larger  ones  interspread;  middle  of  fijrst  dorsal 
with  large  punctures;  second  dorsal  rather  small,  irregular,  punc- 
tures uniformly  distributed;  carina  of  first  ventral  segment  biden- 
tate,  the  anterior  tooth  smaller  and  sharper;  tarsi  feebly  spined. 
Ferruginous;  antenna,  legs,  margin  of  second  and  the  entire  follow- 
ing segments  rufo-piceous;  head,  thorax  and  second  dorsal  with  sub- 
appressed  golden  pubescence;  erect  hairs  sparse,  yellowish;  l^s 
with  whitish  hairs;  apex  of  the  second  (dorsally  interrupted  to  form 
three  spots)  and  the  following  segments  with  yellowish  hai^;  meta- 
pleurae without  appressed  pubescence. 

Bismarck,  North  Dakota.  One  female  collected  August  9,  1895,  by 
Prof.  L.  Bruner,  for  whom  the  species  is  named. 

Type.— Cat.  No.  14136,  U.S.N.M. 

DASTMUrnXA  TBXBNSIS,  new  species. 

Female. — ^Length  8  mm.  Fourth  antennal  joint  not  narrowed 
below,  third  joint  distinctly  shorter  than  the  fourth  and  fifth;  head 
with  rather  large  distinct  punctures,  those  of  the  front  close,  those 
of  the  cheeks  separate;  dorsulum  with  larger  punctures  than  the 
front,  sides  of  the  propodeum  with  separate  punctures;  metapleur» 
with  appressed  white  pubescence,  without  lai^e  punctures;  first 
dorsal  with  large  punctures  in  the  middle;  second  dorsal  with  nearly 
uniform,  elongate,  somewhat  separate  punctures;  carina  of  the  first 
ventral  segment  nearly  straight,  with  a  triangular-shaped  median 
tooth;  tarsi  rather  feebly  spined.  Ferruginous;  antennae  and  legs 
rufo-piceous;  apex  of  second  and  the  entire  following  segments 
blackish;  head,  thorax  and  second  dorsal  with  appressed  yellowish 
pubescence;  erect  hairs  of  head  and  thorax  white;  legs  with  white 
hairs;  apex  of  the  first  and  following  segments  with  white  hair, 
that  of  the  second  slightly  interrupted  medially. 

Texas.     One  female. 

2Vpc.-<3at.  No.  14137,  U.S.N.M. 
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DASTMUmXA  MESJLLM,  new  spedei. 

Closest  to  texensis  Rohwer,  but  distinct  as  the  following  descrip- 
tion will  show. 

Female. — ^Length  8  mm.  Fourth  joint  of  antennae  scarcely  nar- 
rowed below,  third  joint  distinctly  shorter  than  the  two  following; 
cheeks  punctured  almost  as  coarsely  as  front;  dorsulum  closely 
punctured,  punctures  small  and  sometimes  confluent;  sides  of  pro- 
podeum  reticulate;  metapleurse  with  appressed  white  pubescence, 
without  large  punctures;  first  dorsal  segment  with  large  medial 
punctures;  second  dorsal  with  elongate  close  punctures,  somewhat 
separated  laterally;  carina  of  first  ventral  segment  with  a  small 
tooth  posteriorly;  legs  feebly  spined.  Color  differs  from  texensis  as 
follows:  Flagellum  black;  legs  color  of  body;  erect  hair  of  head  and 
thorax  black;  apex  of  first  dorsal  except  laterally,  large  spot  on  base  of 
second  and  wide  apical  middle  of  second  dorsal  with  black  pubescence. 

Mesilla,  New  Mexico.  One  female  collected  June  17  by  Prof. 
T.  D.  A.  Cockerell. 

Type.—CAt.  No.  14138,  U.S.N.M. 

The  first  segment  is  short. 

DASTMUmXA  BLAWANA*  new  fpeclM. 

Very  Uke  DasymutiUa  hlawa  Rohwer,  but  may  be  separated  from 
that  species  by  the  following  characters:  Erect  hairs  of  head  and 
thorax  white;  carina  of  first  ventral  segment  tridentate;  teeth  low, 
rounded  apically,  the  distance  between  the  middle  and  posterior  one 
greater  than  the  distance  between  the  middle  and  anterior  one; 
second  dorsal  more  sparsely  pimctured  laterally;  pygidium  granular. 

Female, — ^Length  9  mm. 

Texas,  two  females  from  Befrage  collection;  and  one  female  from 
C.  H.  T.  Townsend,  collected  September  4,  1896. 

Type.— C&t.  No.  14139,  U.S.N.M. 

Superficially  hke  PycnomutUla  Tuirmonia  (Fox). 

DASTMUTHXA  CHAMPLAINI,  new  fpedM. 

Female. — Length  9  mm.  Fourth  antennal  joint  not,  or  scarcely, 
narrowed  below;  third  joint  subequal  in  length  with  the  fourth  and 
fifth;  front  with  confluent  punctures,  cheeks  with  separate  pimctures; 
dorsulum  pimctured  similar  to  the  front;  sides  of  propodeum  with 
somewhat  finer,  separated  punctures;  metapleurse  without  appressed 
pubescence  or  large  punctures;  first  dorsal  with  the  middle  area  with-- 
out  appressed  pubescence,  dull;  second  dorsal  with  uniform  (except 
an  impunctate  basal  area)  somewhat  separate  punctures  which  are 
basally  circular,  apically  elongate;  carina  of  first  ventral  segment  tri- 
dentate, the  middle  tooth  largest;  tarsi  rather  strongly  spined.    Rufo- 
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ferruginous;  antetmsB,  legs,  apex  of  second  and  the  entire  following 
segments  black;  head,  thorax,  and  second  dorsal  with  appressed  fer- 
ruginous pubescence  with  some  erect  black  hairs  intermingled;  legs 
with  shining  white  hairs;  apex  of  first  dorsal,  second  dorsal  apically 
(except  lateral  spots)  and  a  spot  in  basal  middle  clothed  with  black 
hair;  second  ventral  (and  dorsal  laterally)  and  the  following  dorsal 
and  ventral  segments  with  slightly  yellowish  hair. 

Paratopotypes  indicate  that  the  species  may  vary  as  follows: 
Smallest  7  nmi.  sides  of  second  dorsal  with  separate  punctures;  ven- 
tral carina  with  the  posterior  tooth  nearly  as  large  as  the  middle,  which 
makes  the  carina  appear  bidentate,  but  in  reaUty  the  anterior  tooth 
is  present,  although  small;  and  first  dorsal  may  be  shining  medially. 

Lyme,  Connecticut.  Six  females  collected  May  20,  1910,  by  Mr. 
A.  B.  Champlain  and  five  females  coUected  September  26  and  30, 1909, 
by  Mr.  A.  B.  Champlain  from  P.  R.  Myers'  collection. 

Ih/pe.—C€Lt.  No.  14140,  U.S.N.M. 

Named  for  Mr.  A.  B.  Champlain. 

DASTMUTILLA  CAROLniA*  new  fpeclM. 

Female. — ^Length  11  mm.  Differs  from  coloradeUa  virginica  Roh- 
wer  in  having  a  broad,  poorly  defined  laterally,  pygidium,  which  has 
fine  irregular,  longitudinal  striae. 

Columbia,  South  Carolina.  One  female  received  from  Mr.  G.  F. 
Atkins. 

Type.— CB.t.  No.  14141,  U.S.N.M. 

Group  CTPBEDES. 
DASTMUTILLA  MUTATA  MIAMSNSIS,  IMW  tabipMlM. 

Female. — ^Length  8  mm.  Differs  from  mvlata  mutaia  as  follows: 
Rufopiceous;  second  dorsal  segment  sparsely  punctured  laterally  and 
without  pale  spots;  calcaria  black;  legs  black. 

Miami,  Florida.     One  female  collected  by  Mr.  H.  C.  Herricksen. 

Type.—CsX.  No.  14119,  U.S.N.M. 

DASYMUrnXA  SCROBmATA,  new  tpeciet. 

Runs  in  Fox's  table  *  to  cypris,  but  may  be  separated  from  the 
species  of  this  group  (cyprides)  by  having  the  scrobes  defined  by  a 
carina  above. 

Female. — Length,  9  mm.  Antennae  tapering,  third  joint  distinctly 
longer  than  the  fourth,  but  shorter  than  the  fourth  and  fifth;  scrobes 
punctate  above,  bounded  by  a  carina  dorsally;  tubercle  of  the 
posterior  lateral  margin  of  the  head  subcircular  in  outline;  posterior 
and  dorsal  aspect  of  propodeum  more  coarsely  punctato-reticulate 
than  the  rest  of  the  thorax;  sides  of  the  propodeum  shining,  with  a 

1  Tnos.  Amer.  Ent.  Soo.,  vol.  26, 1800,  p.  232. 
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few  scattered  punctures;  calcaria  long,  slender,  pallid;  carina  of  the 
first  ventral  segment  not  toothed,  slightly  higher  at  the  rounded 
anterior  end;  punctures  of  the  second  dorsal  segment  close  and 
sometimes  confluent;  apical  part  of  pygidium  granular,  basal  part 
longitudinally  striate.  Rufo-ferruginous;  apex  of  mandibles,  anten- 
nae, legs,  apical  margin  of  the  second  and  the  entire  following  segments 
black;  second  dorsal  segment  with  tvx)  large  ferruginous  spots; 
fourth  and  fifth  dorsal  and  ventral  segments  beyond  the  second  with 
rather  dense,  slightly  yellowish  pubescence;  base  and  apex  of  second 
(connected  by  a  narrow  longitudinal  medial  line),  and  the  third 
dorsal  segments  with  black  pubescence;  part  of  first  and  second 
dorsal  segments,  head,  and  thorax  with  short  appressed  golden 
pubescence  and  with  sparse  black  hairs;  legs  with  white  hairs. 

Lyme,  Connecticut.  One  female  collected  July  31,  1910,  by 
Mr.  A.  B.  Champlain. 

Type.— Cat.  No.  14117,  U.S.N.M. 

A  metatype  from  Lake  Forest,  Illinois,  July  24,  1899,  differs  only 
in  having  the  posterior  femora  rufous  beneath. 

DASTMUTILLA  ALLARDI,  new  spectot. 

Belongs  to  group  cyprides,  but  may  be  separated  from  the  other 
species  of  the  group  by  the  bidentate  carina  of  the  first  ventral 
segment. 

Female. — Length,  10  mm.  Differs  from  the  above  description  of 
scrobinata  in  the  following  points:  Scrobes  not  defined  above;  tuber- 
cules  of  the  head  elongate;  sides  of  propodeum  more  closely  punctured; 
calcaria  shorter,  more  robust  and  brownish;  carina  of  first  ventral 
segment  bidentate;  pygidium  nearly  completely  longitudinal  striate; 
second  dorsal  segment  with  but  little  black,  basal  pubescence  and 
with  four  pale  spots;  long  hairs  of  head  and  thorax  sparser  and 
yellowish. 

Thompsons  Mills,  Georgia.  One  female  collected  October,  1909, 
by  Mr.  H.  A.  Allard,  for  whom  the  species  is  named. 

Type.— Cat.  No.  14118,  U.S.N.M. 


DASTMUTILLA  FGBMICALIA,  m 

Belongs  near  calif  arnica  (Radoszkowski),  but  may  readily  be  dis- 
tinguished by  the  spot  of  black  pubescence  at  the  base  and  apex  of 
the  second  dorsal  segments. 

Female. — Length,  11  mm.  Head  distinctly  narrower  than  the 
thorax  anteriorly;  clypeus  truncate,  rounded  laterally;  scrobes  not 
defined  above;  head  coarsely  irregularly,  sometimes  confluently 
punctured;  malar  space  greater  than  the  diameter  of  the  eye;  scape 
pimctured;  third  antennal  joint  slightly  concave  beneath,  not  as  long 
as  the  two  following  joints;  thorax  hexagonal,  but  little  longer  than 
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the  greatest  width,  sharply  tnmcate  posteriorly;  punctured  similar 
to  the  head;  first  segment  much  narrower  than  the  second;  second 
segment  large,  much  higher  than  the  first,  subtruncate  anteriorly, 
punctures  large,  not  confluent;  carina  of  the  first  ventral  large, 
triangular,  apex  rounded;  second  ventral  with  large,  distinct  punc- 
tures; pygidium  not  strongly  defined  laterally,  truncate  apically  sur- 
face coriaceous.  Black;  head,  thorax  and  abdomen  (except  where 
mentioned)  with  long  matted  scarlet  pubescence;  cheeks,  clypeus, 
scape,  sides  and  venter  of  thorax,  venter  of  abdomen  and  legs  with 
white  pubescence;  first  dorsal,  a  triangular  spot  at  basal  and  apical 
middle  of  second  dorsal  segment  with  black  pubescence. 

Federal  District  of  Mexico.  One  female  from  Prof.  Guillermo 
Gandara. 

Type.— Cat.  No.  14175,  U.S.N.M. 

Superiamily  SPHECOIDEA. 

Family  AMPVUCIDM. 

Genus  RHINOPSIS  Westwood. 

RmNOPSIS  CANICULATUS  (Say). 

Ampulex  caniculata  Say,  West.  Quart.  Rep.  Cincinnati,  vol.  2, 1823,  p.  76. 
Rkinopsis  ahbottii  Westwood,  Arcan.  Ent.,  vol.  2, 1844,  p.  68. 
Ampulex  pennsylvanicus  Haldeman,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  4,  1849, 
p.  203. 

A  proxytype  (Rohwer)  in  the  Museum  collection,  and  figured  on 
plate  6,  figure  2,  Howard's  Insect  Book,  1904,  agrees  with  the  original 
description  accompanying  the  above  three  names.  The  synonymy 
established  by  Cresson  is  again  confirmed. 

Male. — Length,  6  mm.  Not  as  strongly  sculptured  as  the  female 
and  the  basal  part  of  the  wings  without  a  fuscous  area,  dypeus  with 
a  single  apical  tooth. 

RmNOPSIS  MELANOONATHUS,  new  fpeclM. 

Separated  from  canicidatus  by  the  following: 

Cl3rpeiis  not  carinate  apically,  apical  middle  maigin  quinquedentate,  the 
sides  of  the  production  sinuate;  mandibles  rufo-femiginous;  head 
uniformly  sculptured;  pronotum  finely  transversely  striato-granular 
posteriorly;  meeoecutum  without  laige  lateral  punctures;  notauU  not 
foveolate;  mesoepisternum  granular  with  a  few  large  punctures  dor- 
sally caniculatu^  (Say). 

Clypeus  with  a  carina  in  apical  middle  with  one  apical  tooth,  sides  of  produc- 
tion not  sinuate;  mandibles,  except  the  piceous  apices,  black;  front  striato- 
punctate,  rest  of  the  head  finely  granular,  with  large  scattered  punctures; 
pronotum  coarsely,  transversely  striato-reticulate;  notauli  foveolate;  sides 
of  meaoscutum  with  laige  punctures;  mesoecuto-scutellar  suture  strongly 
foveolate;  mesoepisternum  with  large,  dorsally  confluent,  punctures; 
entirely  black,  wings  marked  as  in  caniculatua.  Female.  Length 
10  mm melanognathut  Rohwer 
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Manchester,  Connecticut.     One  female  collected  September  13, 
1910,  by  Mr.  A.  B.  Champlain. 
Type.—C?A.  No.  14075,  U.S.N.M, 

Family  SPECIDiE. 

Genus  PODIUM  Fabricius. 

PODniM  (PABAPODIUM)  CAROLIRA  (Rohirer}. 

Podium  Carolina  Rohwer,  Proc.  U.  S.  Nat.  Mus.,  vol.  40,  No,  1837, 1911,  p.  556. 

This  may  be  only  a  subspecies  of  Podium  (:Parapodium)  higuUaium 
Taschenberg.  It  differs  from  the  original  description  in  the  follow- 
ing points:  Scape  black;  all  the  tibiae  and  tarsi  rufous;  tegul»  in 
part  black.  From  Kohl's  description  of  this  species  it  also  differs 
in  some  minor  points.  Compared  with  his  figure  *  of  the  wing  the 
following  differences  are  to  be  noted:  The  second  cubital  smaller, 
its  first  abcissa  on  the  cubitus  not  strongly  bent;  third  cubital  not 
so  distinctly  narrowed  above,  the  third  transverse  radius  not  bent; 
stigma  truncate  apicaUy;  radial  cell  with  a  narrow,  truncate  apical 
portion.  The  petiole  is  twice  as  long  as  the  posterior  coxse  and 
trochanter  united;  apical  joint  of  antennae  slightly  shorter  than  the 
preceding. 

8PHBX  (SPHBZ)  mOROPILOSnS,  new  fpectos. 

Of  the  Central  American  species  this  seems  to  be  nearest  to  S^phex 
(described  as  AmmopMla)  zanthoptera  (Cameron),  but  differs  from 
the  description  of  that  species  in  a  number  of  characters,  being 
readily  separated  from  it  by  the  wings  beyond  the  stigma  being 
strongly  dusky,  no  bluish  reflection  to  body,  and  the  black  pubescence. 

The  figures  cited  in  the  following  description  are  those  of  Kohl's 
* 'Monographic  der  Gattung  Ammophile  W.  Kirby."  * 

Female. — Length  22  mm.  Habitus  much  as  zanthoptera  as  figured 
by  Cameron.  Clypeus  hardly  produced,  broadly  truncate,  lateral 
angles  sharp,  subdentate;  inner  eye  margins  subparallel,  slightly 
closer  together  at  the  clypeus,  similar  to  figure  117;  ocelli  in  a  low 
triangle,  the  lateral  ones  on  the  supraorbital  line,  see  figure  113; 
occiput,  seen  from  above  concave;  impressed  frontal  line  strong; 
head,  except  lower  posterior  orbits  shagreened;  clypeus  polished, 
with  well  separated  punctures;  flagellum  filiform,  the  first  joint 
subequal  to  the  two  following,  apical  joint  truncate;  pronotum  short, 
rounded  anteriorly,  separated  from  the  mesoscutum  by  a  deep  furrow; 
thorax  except  where  mentioned,  finely  granular;  scuteUum  rather 
deeply  impressed,  posteriorly  finely  longitudinally  striate;  suture  of 

1  Abhand.  k.  k.  zool.  bot.  Qes.  Wion,  vol.  1,  fig.  4,  p.  45. 

>  Ano.  k.  k.  naturhist.  ITofmiu.  Wisn,  voL  21,  1906,  p.  228,  etc. 

94428**— Proc.N.M.vol.41— 11 30 
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mesoepistemum  distinct,  not  foveolate,  gently  curved;  propodeum 
subequal  in  length  with  the  mesonotiuu  and  metanotum  combined, 
spiracle  place  at  the  approximate  middle,  posterior  face  oblique, 
sides  as  rest  of  thorax,  dorsal  aspect  finely  transversely  striate;  fore 
tarsi  differing  scahrom  (see  fig.  133)  in  diat  the  apex  of  the  basal 
joint  is  strongly  produced  within  and  armed  with  a  short  spine, 
apex  of  second  joint  somewhat  produced;  claws  with  two  small  inner 
teeth,  see  figure  45;  abdomen  finely  aciculate;  shape  of  cubital  cells 
nearer  figure  108  but  the  second  recurrent  is  received  near  the  apex 
and  the  first  well  in  the  second  cubital;  first  and  second  abcissae  of 
second  cubital  cell  on  cubitus  subequal;  radial  cell  similar  to  figure 
102.  Black;  second,  third  and  base  of  fourth  segments  red;  veiy 
little  appressed  pubescence  this  as  well  as  the  erect  hairs  black; 
tibiflB  with  silvery  pile;  wings  basad  of  base  of  stigma  yellow,  apical 
part  and  wing  dusky;  venation  color  of  wings. 

In  Kohl's  table  to  the  Palsearctic  species  this  runs  out  at  catagoiy 
26,  but  is  near  those  species  running  to  29,  and  if  sought  for  in  this 
group  would  run  to  lateritia. 

Federal  District  of  Mexico.  One  female  received  from  Prof. 
Guillermo  Gandara. 

Type.— Ceit.  No.  14174,  U.S.N.M. 

Family  BEMBICID^. 
Genus  BEMBYX  Fabricius. 

Type. — Apis  rostraia  Linnaeus  [designated  Latrielle  1810]. 

Fabricius  originally  spelled  his  genus  Bembyz,  not  Bembex,  and  as 
far  as  known  never  changed  this  spelling.  Bembex  Oliver  et  auctorom 
will  have  to  fall  as  a  synonym  of  Benibyz  Fabricius. 

BBMBTZ  PRUAAASTATB  Jobiiflim  ud  SiAwot. 

Male, — Sufficiently  like  the  female  to  be  easily  associated  with  it. 

The  nearest  ally  of  this  species  is  spinolse  Lepeletier,  but  the  male 

may  be  distinguished  by  the  different  out- 
line of  the  gentalia  stipes,  pale  markings 
of  the  pleursB,  and  from  Handlirsch's  fig- 
ure of  the  antenna  in  having  the  sevenUi 
joint  with  a  sharp  spine  in  the  middle.  The 
markings  are  more  yellow  than  is  usually 

Fio.  3^-apex  OF  GENITALIA  sTiFEs    thc  cssB  lu  spinolss.     The   mtermediate 

OF  BeXBTX  PRDIAiEaTATB   JOHN*        -  j        a     x 

SON  AND  BoirwEB.  icmora  are  dentate. 

There  is  some  variation  in  the  extent  of 
the  pale  markings  to  the  pleura,  and  the  apical  dorsal  segment  may 
be  black  or  pale.  The  accompanying  figure  is  made  from  the  darker 
of  the  specimens. 


Digitized  by 


Google 


Ha  18l».  mSW  SPECIES  OF  WASPS—ROHWER.  467 

Two  males  from  Springfield;  Idaho,  collected  July  30,  1906,  by 
Mr.  A.  J.  Snyder. 

BBBCBYZ  CAMEROlfl,  new  fpectos. 

Related  to  spinolx  Lepeletier.    Differs  from  the  original  descrip- 
tion of  this  species  in  some  minor  points  of  coloration,  yiz,  anus  with 
a  pale  spot.    From  Handlirsch's  interpretation  of  apinolx  the  shape 
of  the  gentalia  stipes  and  dentation  of 
the  antennae  will  separate  it. 

Male. — ^Length  17  mm.  Labrum  not 
depressed;  vertex,  seen  from  in  front, 
biemarginate;  head  with  very  sparse, 
irregular  pimctures;  apex  of  flagellum 
dentate  beneath,  as  in  figure  4;  the  first 
joint  slightly  longer  than  the  two  follow- 
ing; thorax  finely  granular;  legs  prac- 
tically as  in  spinolse,  except  that  the 
anterior  femora  are  more  robust  and 
slightly  fiattened  beneath;  second  and 
seventh  ventral  segments  with  large,  sim-    ^^'  4.— awcal  jodws  o»  th«  » laqkl- 

1  •    1   ^1  T  1  .  LtJM  OF  BBMBYX  CAMERON!  BOHWMl. 

pie   processes;  eighth   dorsal   segment 

sharply  angled  laterally,  slightly,  broadly  produced  in  the  middle; 
eighth  ventral  segment  with  the  spine  long,  slender,  acute;  stipes 
as  in  figure  5.    Black;  clypeus  labrum,  mandi- 
bles (except  piceous  apices),  inner  orbits  broadly 
to  near  vertex,  supraclypeal  area,  scape  in  front, 
-<^$§S^     tubercules,  tegulae,  legs  below  bases  of  femora, 
Fio.  5.-AFEX  Of  own-    large  spots  on  first  dorsal,  sinuate  bands  on  the  sec- 
TAUA  STIPES  o»  bem-    oud,  third,  fourth,  and  fifth  dorsal  segments,  con- 
BTx   cAMEBONi    RoH-    ^juuQus  baud  ou  slxth  and  a  spot  on  seventh  dorsal. 


-^^5§S!^ 


small  lateral  spot  on  second  and  following  ven- 
trals,  y^Botp;  wings  clear  hyaline,  vitreous;  venation  rather  dark  brown; 
head,  thorax,  and  first  abdominal  segment  with  white  pubescence. 

Federal  District  of  Mexico.  One  male  from  Prof.  Guillermo 
Gandara. 

Typg,— Cat.  No.  14177,  U.S.N.M. 

Named  for  Mr.  P.  Cameron,  the  writer  on  this  group  of  insects 
in  "Biologia  Centrali-Americana. " 

BBBCBYX  0B80LBTA  HomM. 
BeTTibex  ohioleta  Howabd,  Insect  Book,  1904,  pi.  4,  fig.  36. 
This  species  has  never  been  described,  but  the  figure  is  enough  to 
hold  it,  and  the  type  must  be  the  actual  specimen  figured,  which  is 
in  the  U.  S.  National  Museum  definitely  labeled  as  such. 
ryp€.— Cat.  No.  14178,  U.S.N.M. 
Runs  in  Fox's  table  to  North  American  Bembex '  to  pruniosa  Fox, 

1  Proc  AcMl.  Nat  Sd.  PhUs.,  1805,  p.  354,  eto. 
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but  that  species  is  marked  much  more  strongly  with  greenish  markings 
(in  ohsoleta  the  markings  are  yellow)  i  the  stipes  are  much  different, 

the  second  and  sixth  ycutral  segments  are 
simple  (the  same  segments  of  ohsoleta  have 
ventral  processes).  Disregarding  the 
character  of  the  seventh  ventral  plate 
ohsoleta  nms  to  amcma  Handlirsh  which 
is  very  different. 

Male. — ^Length  19  mm.  Labrum  not 
depressed;  vertex  seen  from  in  front 
slightly  biemai^nate,  the  middle  portion 
below  the  top  of  eyes;  flagellum  carinate 
beneath,  the  joints  subdentate  apically, 
first  joint  slightly 
longer  than  the 
two  following; 
thorax  finelygran- 
ular;  legs  normal, 
intermediate  fem- 
ora simple;  sev- 
enth dorsal  segment  rather  narrowly  truncate 
apically;  second  ventral  segment  with  a  low, 
median  process  which  is  truncate  apically; 
sixth  ventral  segment  with  the  process  biden- 
tate  apicaUy ;  seventh  ventral  segment  with  a  long,  median  spine,  the 
apex  of  which  is  bidentate;  gent  alia  stipes  as  in  figure  8.  Black; 
clypeus,  labrum,  mandibles  (except  piceous 
apices),  inner  orbits  almost  to  vertex,  small 
spot  on  supraclypeal  area,  scape  in  front,  legs 
from  below  near  middle  of  femora  (except 
tibiae  above),  lateral  spots  on  first  to  fifth  dor- 
sal and  second  to  fifth  ventral  segments  inclu- 
sive bright  yellow.  Wings  clear  hyaline,  vitre- 
ous; venation  pale  brown;  head,  thorax,  and 
base  of  first  segment  with  white  pubescence. 

Los  Angeles  County,  CaUfomia.    Five  males  collected  by  Mr. 
D.  W.  Coquillett. 

Family  (30RYTIDJE. 


Fio.  6.— Apical  joints  or  the  plaobl- 
huu  or  Bbmbtx  obsolkta  Howabo. 


Fio.  7.— Apical  ybntralplatb 
OP  Bbmbtx  obsolbta  How- 


Fig.  8.— Apex  op  oxritaua 
8TIPB8  or  Bbmbtx  obsolbta 

HOWABD. 


Genus  GORYTES  Latpielle. 

OORTTBS  mORIFRONS  SmJfh. 

OoryUs  nigr^rons  SMrra,  Cat.  Hym.  Brit.  Mus.,  vol.  4,  1856,  p.  368. 

Oorytes  (Oorytes)  neglectus  Rohweb.  Proc.  U.  S.  Nat.  Ifus.,  vol.  40, 1911,  p.  567. 

In  this  comiection  it  will  be  well  to  call  attention  to  some  errors  of 
numbering  in  Fox's  table  *  of  American  Oorytes. 

I  Ptoo.  Aoad.  Mat.  ScL  Phila.,  1805,  pp.  617-539. 
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Page  518  under  category  8  change  12  to  11  and  under  category  9 
change  11  to  10. 

PARAMELLINUS,ne>Ar  genus. 

EusponffU9  AsHMEAD,  Can.  £nt.,  vol.  31,  1899,  p.  200. 

Genotype. — Oorytes  bipunctatus  Say. 

Closest  to  HapdlomelUmLS  Ashmead  from  which  it  may  be  sepa- 
rated by  the  inner  orbits  diverging  below  antennae;  pronotum  very 
short;  perpendicular  anteriorly;  transverse  median  of  hind  wings  at 
right  angles  with  the  median  and  much  before  the  cubitus;  and  other 
points.  Ammatomus  A.  Costa  is  also  related  but  has  different 
venation,  abdomen  and  head. 

StemauU  wanting;  first  abdominal  segment  coarctate,  subpetio- 
late ;  eyes  strongly  converging  to  level  of  antennsB,  where  they  diverge ; 
space  between  bases  of  antennss  greater  than  the  space  between  one 
of  them  and  the  orbits;  lateral  ocelli  on  the  supraorbital  line;  pro- 
notum transverse,  perpendicular  anteriorly,  but  little  lower  than  the 
mesoscutum;  legs  robust;  stigma  large,  radius  arising  from  near 
middle;  first  recurrent  in  first  cubital  cell  or  interstitial  with  first 
transverse  cubitus;  second  recurrent  near  apex  of  second  cubital 
cell;  transverse  median  nearly  interstitial  with  the  basal. 

• 
ARIGORYTES,  now  genus. 

Genotype. — Gorytes  coquUlettei  Fox. 

Stemauli  present;  first  abdominal  segment  sessile  with  the  second; 
eyes  strongly  converging  to  the  clypeus;  antennae  closer  together  at 
bases  than  the  distance  from  their  bases  to  eye  margin;  lateral  ocelli 
on  the  supraorbital  line;  pronotimi  short,  transverse  and  sharply 
perpendicTilar  anteriorly;  propodeal  inclosiu*e  strongly  striate;  trans- 
verse median  of  fore  wings  much  beyond  basal;  transverse  median  of 
hind  wings  and  cubitus  interstitial  or  nearly;  abdomen  without  dense 
pile;  mesoepistemum  with  a  cephal-caudad  dorsal  suture;  female 
with  a  tarsal  comb;  stigma  small,  the  radius  leaving  at  the  apex. 

TRICHOGORYTES,  new  genus. 

Genotype. — Trichogorytes  argenteopUosus  Rohwer. 

Similar  to  Arigorytea  Rohwer,  from  which  it  may  be  known  by  the 
following  characters.  Nasal  mai^in  of  eyes  subparallel;  lateral 
ocelli  below  the  supraorbital  line;  pronotum  long  (for  group), 
rounded  anteriorly;  propodeal  inclosure  smooth;  cubitus  of  hhid 
wings  originating  much  beyond  the  transverse  median;  abdomen 
with  dense  pile;  stemauli  wanting;  and  in  having  the  prepectus  like 
MeUiniis. 
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TRICHOOORTTBS  AROBNTBOPILOSnS,  new  ■ 

In  Fox's  table  to  North  American  Oorytes  this  species  would  run  to 
pidifrons  Fox,  but  is  not  closely  allied  to  that  species. 

Female. — ^Length  7  mm.  Slender;  anterior  margin  of  clypeus 
slightly  emarginate  anteriorly;  head  with  rather  large,  distinct,  sepa- 
rate punctures;  antennae  slender,  nearly  filiform,  third  joint  distinctly 
longer  than  fourth,  apical  joint  acuminate;  thorax  finely  sculptured; 
mesoscuto-scutello  scuture  foveolate;  abdomen  very  finely  granular; 
pygidium  but  little  longer  than  the  basal  width,  rounded  apically, 
with  a  raised  glaberous,  medial  line;  radial  cell  obtusely  rounded 
apcially;  legs  feebly  spined,  tibiss  with  only  three  or  four  spines. 
Black:  antennse  beneath  (apical  joints  almost  entirely),  tegulas  and 
anterior  knees  yellow;  abdomen  dull  red;  legs  below  coxse  fulvo- 
ferruginous,  four  anterior  femora  black;  entire  insect  (including  legs) 
except  bases  of  second  and  following  abdominal  segments  densely 
clothed  with  appressed,  silvery  pubescence;  \irings  clear  hyaline, 
iridescent;  venation  yellowish  brown,  costa  black.  • 

Hot  Springs,  Arkansas.  One  female  collected  June  26  by  Schwarz 
and  Barber. 

Type.— Cfit.  No.  14169,  U.S.NJtf. 

Family  PHKAN^HIDJE. 
Genus  CERCEHIS  Latrielle 

CERCBRIS  OANDARAI,  m 


Related  to  Cerceria  occipitamacvlata  Packard,  but  may  be  distin- 
guished from  that  species  by  the  different  sculpture  of  the  propodeal 
inclosure,  the  lower  part  of  mesoepimeron  shining  and 
j^..,.,^!       practically  impunctate,  black  first  dorsal  segment,  etc. 
^  ^  Propodeal    inclosure  well   defined,  slightly  foveolate 

^ml-n^^    laterally,  with  small,  separate,  uniform  punctures. 
THE  APICAL        M(de. — ^Length  8  mm.    Clypeus  subconvex  medially, 
^  "atk  *  OF    ^1^^  truncate,  lateral  angles  subdentate;  head  and  thorax 
CKBc«Eia    withseparate,  distinct,  median-sized  punctures;  postocel- 
oAHDARAi    Yqx  line    distinctly  shorter    than    the  ocellocular  line, 
subequal  with    the  ocelloccipital  line;  antennal   joints 
short,  the  third  distinctly  longer  than  fourth,  apical  joint  not  hooked, 
obUquely  truncate  apically;  lower  half  of  mesoepistemum  smooth, 
shinhig,  practically  impunctate;  metapleursB  finely  granular;,  legs 
normal;  abdomen  dorsally  more  sparsely  punctured  than  the  thorax, 
ventrally  practically  impunctate;  pygidium  punctured  like  abdomen 
dorsally,  sharply  defined,  truncate  apically;  apical   ventral   plate 
emarginate  as  in  figure  9.     Black;  face  to  a  little  above  the  antennae, 
mandibles  (except  piceous  apices),  four  anterior  legs  below  apices  of 
femora,  posterior  trochanters,  femora  except  apex,  base  of  tibiae  and 
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basitarsis,  bands  on  second  to  sixth  dorsal  segments  inclusive  (nar- 
rowed medially  and  nearly  of  uniform  size),  lateral  spots  on  second 
and  third  ventral  segments,  bright  yeUow;  pubescence  long  and  gray; 
wings  subhyaline  viterous;  costa  and  stigma  yeUowish,  rest  of  vena- 
tion brown. 

Federal  District  of  Mexico.  One  male  from  Prof.  G.  Gandara,  for 
whom  the  species  is  named. 

Typ^.— Oat.  No.  14180,  U.S.N.M. 

CERCBRIS  FLAVOTROCHANTBRICA,  IMW  tpedM. 

Judging  from  the  description  this  species  is  related  to  mexicana 
Saussure,  but  the  propodeal  inclosure  and  markings  are  different. 
There  13  some  aflSnity  with  sexta  Say,  but  the  different  colored  legs 
readily  separate  it  from  that  species. 

Propodeal  inclosure  obliquely  striate  laterally,  shining,  with  a 
medial,  longitudinal  furrow. 

Male. — ^Length,  12  mm.  Clypeus  convex  niedially,  tridentate 
apically,  the  middle  tooth  the  largest  and  truncate  apically;  head 
with  large,  rather  close,  distinct  punctures,  those  of 
the  clypeus  more  separated;  postocellar  line  distinctly  /  I 
shorter  than  the  ocellocular  line;  nasal  margin  of  eyes  U'-'^sJ 
slightly  converging  to  clypeus;  third  antennal  joint  dis-  ^iq.  lo.— emaeqi- 
tinctly  longer  than  the  fourth,  apical  joint  not  hooked,  nation  of  th« 
obliquely  truncate  apically;  pronotiun  rounded  ante-  ^^  w*^- 
riorly;  mesostemum subangulate  in  front  of  intermedi-  ceeis  flavo 
ate  coxae;  thorax  more  sparsely  punctured  than  the  r^I^JI^^"'^^ 
head;  legs  normal;  abdomen  dorsaUy  punctiured  like 
the  thorax,  ventrally  finely  granular;  pygidium  sharply  defined,  trun- 
cate apically,  slightly  narrowed  basally,  with  large  separate  punctures; 
emargination  of  apical  ventral  plate  as  in  figure  10.  Black;  face  to 
just  above  level  of  antennse  (excluding  the  usual  black,  narrow  apex 
of  clypeus  and  supracljpeal  foveas),  mandibles  (except  piceous  apices), 
two  spots  on  pronotum  and  scutellum,  bands  on  second  to  sixth 
inclusive  dorsal  segments,  narrowed  medially  and  of  uniform  width, 
and  lateral  spots  on  second  and  third  ventral  segments,  bright  yellow; 
legs  black;  four  anterior  tibias  and  tarsi,  posterior  trochanters,  poste- 
rior tibiae  (except  a  spot  exteriorly)  and  two  basal  tarsal  joints  yellow; 
pubescence  slightly  yellowish;  wings  subhyaline  darker  in  radial  area, 
viterous;  venation  dark  brown,  stigma  and  costa  yellowish  brown. 

Federal  District  of  Mexico.  One  male  received  from  Prof.  G. 
Gandara. 

Type.— CAt.  No.  14179,  U.S.N.M. 
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Family  CRABRONIDiE. 

Genus  STENOCRABRO  Ashmead. 
STENOGRABRO  PLESIUS,  new  apeclM. 

Readily  separated  from  the  other  males  placed  in  Stenocrabro  by  the 
cylindrical  anterior  tarsi.  In  Fox's  table  to  North  American 
Crabroninae  it  runs  to  ater,  to  which  it  has  no  close  relationship. 
If  the  apical  segment  is  more  distinctly  punctured  than  the  preceeding 
it  goes  to  minimus,  but  is  larger  and  has  different  colored  legs  than 
that  species.  May  easily  be  recognized  by  the  entirely  black  four 
posterior  legs  and  long  white  hair  on  the  anterior  femora  beneath 
and  mesostemiun. 

Male. — ^Length,  6  mm.  Clypeus  with  a  strong  median  carina,  the 
apical  middle  tridentate,  the  middle  tooth  broad  and  rounded; 
impressed  line  from  the  anterior  ocellus  only  indicated;  postocellar  line 
slightly  longer  than  the  ocellocular;  a  shallow,  shining  depressed 
area  outside  of  each  lateral  ocellus;  head  with  distinct,  separatCi 
fine  punctures;  third  antennal  joint  distiactly  longer  than  fourth, 
the  following  joints  somewhat  rounded  beneath;  pronotum  neither 
carinated  nor  dentate,  sharply  defined,  elevated;  mesonotum  punc- 
tured like  the  head;  mesoscuto-scutellar  suture  foveolate;  mesoepister- 
num  punctured  like  the  notum,  the  suture  strongly  foveolate;  pro- 
podeum  with  the  convexities  finely  striate,  dull;  posterior  and  lateral 
faces  finely  striate;  the  median  furrow  and  basal  area  foveolate; 
anterior  femora  very  stout  basally;  apical  segment  somewhat  more 
coarsely  pimctured  than  the  preceding  one.  Black;  mandibles 
piceous;  spot  on  mandibles,  palpi,  calcaria  and  anterior  femora 
and  tibiae  beneath  yellowish-white;  wings  hyaline,  iridescent,  venation 
black;  abdomen  with  white  pile. 

New  Haven,  Connecticut.  One  male  collected  April  17,  1910,  by 
Mr.  A.  B.  Champlain. 

Type.— Csit.  No.  14074,  U.S.N.M. 

Family  TRYPOXYLONIDiE. 

Genus  TRYPOXYLON   Latrielle. 

Cdonp  POUTra. 

Oroup  characteristics. — Large  (17  to  25  mm.);  black  except  for  the 
white,  at  least  in  the  greater  part,  hind  tarsi;  wings  very  dark,  with 
a  purplish  or  bronzy  reflection;  eyes  but  little  if  any  narrower  at 
the  clypeus;  tliird  antennal  joint  much  longer  than  fourth,  the  male 
has  the  apical  joint  subequal  in  length  with  the  four  preceding,  and 
the  flageUum  thickened  apically  (see  fig.  11);  ocelli  in  an  equilateral 
triangle;  clypeus  much  produced  in  the  female,  produced  and  variously 
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dentate  in  the  male;  thorax  polished,  finely  sparsely  punctured  or 
impunctate;  dorsal  aspect  of  propodeum  without  sulci,  smooth;  pos- 
terior face  of  propodeum  with  a  deep  median 
channel;  posterior  femora  somewhat  flat- 
tened in  female,  more  strongly  so  in  male  and 
beneath  apically  with  a  broad,  flattened  pro- 
jection, more  evident  in  some  species;  pos- 
terior tibiae  strongly  thickened  apically,  the 
longer  calcarium  strongly  curved;  posterior 
trochanter  of  male  not  dentate;  first  ventral 
segment  (second  of  some  authors)  in  the  male  L 

with  a  large  hook;  pygidium  fringed  with 
long,  fine  hairs. 

This  group  has  long  gone  under  the  name 
albitarse  Fabricius,  but  inasmuch  as  the  type 
of  Fabricius' s  species  may  still  be  in  existence 
and  his  brief  description  would  apply  equally  rio.  ii.-ANTrafNA«  o»  tbt- 
well  with  all  the  species  discussed  below,  it  ^^r*  m^l^"™"*""  ^'''" 
has  been  deemed  advisable  to  treat  albitarse 

as  an  undetermined  species.  Fabricius  says  the  posterior  tarsi  are 
white.  In  all  Neotropical  species  discussed  here  the  apical  joint  of 
the.  posterior  tarsi  is  blackish. 

TRTPOZYLON  ALBrTARSB  Fabrkhia. 
Trypoxylon  aUntarse  FABsiaus,  Syst.  Piez.,  1804,  p.  180,  No.  1. 

'*T.  atrum  tarsis  posticis,  niveis. 

''Habitat  in  America  meridionali  Dom.  Smidt.  Mus.  Dom.  Lund. 

''Reliquis  majus.  Caput,  thorax,  abdomen,  alse  atra,  nitida,  immac- 
ulata. 

''Pedes  nigri  tarsis  posticis  niveis."     (Original  description.) 

What  aJbiiarse  Saussure,  Taschenberg,  Cameron,  is  no  one  can  say; 
but  the  name  mexicanum  (Saussure)  described  as  a  variety  of  alhiUirse 
is  used  for  one  of  the  species  here  treated. 

Trypoxylon  poMiditarse  Saussure  (described  from  Argentina  and 
Brazil)  is  another  species  which  can  not  be  determined  with  certainty. 
It  undoubtedly  belongs  to  this  group  and  may  be  one  of  the  species 
here  treated. 

Trypoxylon  fuaeipenne  Fabricius  is  another  species  which  can  not 
be  satisfactorily  determined.    It  was  also  described  from  Brazil. 

TRTPOXTLOn  POUTUM  Say. 

Trypoxylon  politus  Say,  Bost.  Joum.  Nat.  Hist.,  vol.  1,  pt.  4, 1837,  p.  373,  No.  1.-- 
LbConte,  Writ.  Th.  Say  Entom.,  vol.  2,  1859,  p.  756,  No.  1.— Packabd, 
Proc.  Ent.  Soc.  Phila.,  vol.  6, 1867,  p  413.  * 

Trypoxylon  aUntarse  Walsh  and  Riley,  Amer.  Ent.,  vol.  1, 1869,  p.  133,  fig.  107.— 
Fox,  Trans.  Amer.  Ent  Soc.,  vol.  28,  1891,  pp.  136  and  138,  No.  1.— Fox, 
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Plroc.  Acad.  Nat.  Sci.  Phila.,  1893,  p.  472.— Howard,  Insect  Book,  1904, 
pi.  6,  fig.  6. 
Trypoxylon  neglectum  Kohl,  Verh.  zool.  bot.  Ges.  Wien.,  vol.  33,  1883,  p.  340, 
No.  1,  pi.  18,  fig.  3.— Fox,  Trans.  Amer.  Ent.  Soc.,  vol.  28, 1891,  pp.  137  and 
138,  No.  2,  pi.  3,  figs.  1  and  12. 

Fifteen  specimens  (4  females,  1 1  males)  were  bred  in  Jime  (emerg- 
ing from  15  to  18),  1894,  by  the  Bureau  of  Entomology  from  material 


Fio.    12.  — Lateral 

VIEW  Of  THE  LOWER 
PAST  or  THE  HEAD  Of 

Trypoxylon  poli- 
TUM  Say.    Male. 


FiQ.   13.— Lateral  view  or  the  basal  abdominal 

SEGMENTS  Of  TRYPOXYLON  POIITUM  SaY.     FEMALE. 


Fig.  15.— Lateral  view  of  the  basal 
abdominal  segments  of  trypoxylon 
pouTUM  Bay.    Male. 


Fig.  14.— Pygidium  of  female 
OF  Trypoxylon  politum 
Say. 

received  from  Haverhill,  Massachusetts.  Pupation  began  May  31, 
1894,  the  material  having  been  received  in  March  of  the  same  year. 
Say's  type  is  no  longer  in  existence,  but  a  proxytype  of  this  species 
is  in  the  Museum  collection.  There  can  be  but  little  doubt  that  this 
is  the  species  Say  had,  as  it  is  apparently  the  only  one  which  occurs 
in  northern  United  States.  That  Kohl's  species  is  a  synonym  of  this 
species  (through  the  proxytype)  there  can  be  but  little  doubt,  as  the 
male  agrees  ^exactly  with  the  figure  and  description  given  by  Kohl. 
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TRTPOZaBXHT  BASILS,  siew  tpedet. 
Tryporylon  polUum  Howard,  Insect  Book,  1904,  pi.  6,  fig.  9,  male. 

Male. — Length  21  mm.  Clypeus  differs  from  politum}  as  follows: 
Broader,  the  lateral  tooth  falling  well  inside  of  a  line  drawn  tangent 
to  the  inner  orbit,  mid- 
dle tooth  much  broader 
and  rounded;  vertex 
fiat,  not  depressed  be- 
hind lateral  ocelli;  front 
with  rather  close  dis- 
tinct punctures;  prono- 

tUm      strongly     trans-       FIO.  16.~LATEBALyiEW  or  THS  basal  ABDOMIKAL  8E0VENT8 

tersely  sulcate;  scutel-  or  tbtpoxtlok  basal,  rohwze.  mal.. 

lum  medially  and  basal  middle  of  dorsal  aspect  of  propodeum  slightly 
impressed;  posterior  face  of  propodeum  striato-punctate,  wherestriate 
the  strisB  are  dorsad-ventrad;  first  four  abdominal  segments  as  figure 
16;  the  broad  depression  at  base  of  third  and  the  transverse  suture 
near  base  of  fourth  dorsal  segments  make  this  species  easily  recog- 
nized. Color  as  usual,  face  with  silvery  pubescence,  the  rest  of  the 
pubescence  black. 

Female. — Length  25  mm.  Produced  portion  of  clypeus  truncate, 
lateral  angles  sharp;    third  antennal  joint  nearly  as  long  as  the 

fourth    and    fifth,   apical 

^.^^^"^-^-^^  yy -...,.,^      joint   strongly  tapering, 

>^  '  /  /  ^     distinctly  longer  than  the 

preceding;  vertex  slightly 
depressed   behind   lateral 
\yy  "N.      /  oceUi;  thorax  as  in  male; 

^^  ^^  abdomen  long;  first  seg- 

Fio.  i7.~latkbal  vntw  o»  thi  basal  abdominal  sxoments    inent  of  the  elongate  type 

OF  TBTFOXTLON  BASALE  ROHWEB.     FeHALE.  .  -       .1.1        1  J 

second  and  third  dorsal 
segments  depressed  basally;  pygidium  narrow,  similar  to  figure  19. 
Colored  as  male. 

Utica,  Mississippi,  one  male  collected  in  August.  Florida,  one 
female  without  definite  data. 

3Vp«.— Cat.  No.  14170,  U.S.N.M. 

1  For  those  who  do  not  have  polttvfn  see  Kohl's  figure  of  'Mglec^m  In  Verh.  cool.  hot.  Qes.  WIen,  vol. 
83,1883,  pi.  18,  fig.  8. 
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Fio.  18.— Apical  mabqih  or  thi 

PRODUCED  POBTION  OF  THE 
CLTPBUS  OF  TBTPOXTLON  POU- 
TIFOEME  ROHWBB.  FEMALE 
SEEK  FBOM  ABOVE  OBUQUELT. 


FlO.  19.— PYOIDIUM  OF  THE 
FEMALE  OF  TbYPOXYLON 
POUTIFOBMB  ROHWEB. 


TRTPOZTLON  POUTirORMB,  oi 

Male. — ^Length  21  mm.  Agrees  well  with  hcLsale  from  which  it  may 
be  separated  by  the  abdomen,  which  is  very  Uke  politum.  The 
abdomen  differs  from  politum  in  the  segments  not  being  depressed 
basally ;  the  first  and  second  dorsal  segments  are 
narrowly   depressed   apically.     Wings   with  a 

bronzy-purple  reflec- 
tion. Except  where 
mentioned  the  descrip- 
tion of  haaale  will  apply 
well  here. 

FemdU, — ^Length  23 
mm.  The  description 
of  hasale  would  do  well 
for  this  species  except  the  abdomen  which  is  like  politum  (excepting 
the  first  segment  is  more  elongate  and  not  ungulate  ventrally).  The 
pygidium  is  like  hasale^  see  figure  19. 

Berwick,  Louisiana.    Many  males  and  females  collected  May  3  and 
8  by  Mr.  E.  G.  Titus.     Florida,  one  male;  Georgia,  one  male. 
Type.— Chi.  No.  14171,  U.S.N.M. 

TRTPOZYLON  MEXZCANUM  (SanMon). 

Trypoxylon  aUntarse,  var.  mexieana  Saussube,  Reise  d.  Novara,  ZooL,  vol.  2, 
1867,  p.  77  not  Trypoxylon  mexicanum  Saussuhe,  same  reference,  p.  78,  No. 
4,  pi.  4,  fig.  46. 

Specimens  which  agree  well  with  Saussure's  description  of  aUntarse 
and  have  rufous  mandibles,  characteristic  of  his  variety  mexicdnum, 
have  been  determined  as  that  species.  They  are 
from  the  following  localities:  Mexico  (C.  F.  Baker 
collection);  Cordova,  Mexico 
(collected  by  Dr.  L.  O.  How- 
ard, May  10);  Guanajuato, 
Mexico  (collected  by  A.  Du- 
ges) ;  San  Antonio,  Nicaragua, 
collected  May,  1899. 
This  species  is  easily  sepa- 
rated by  the  following  table.  In  the  specimens  mentioned  above  there 
is  very  little  variation.    The  apical  joint  of  posterior  tarsi  is  black. 


Fio.  20.— Apical  m ak- 

OIN  or  THE  PRODUCED 
POBTION  or  THE  CLTP- 

Etjs  or  Tetpoxylon 

MEXICANXTM     (SAUS- 

BVRE).  Female  SEEN 

ntOlC     ABOVE    OB- 
LIQUELY. 


FlO.  21.— Lateral  view  or 
the  basal  sequent  or 
Trypoxylon  mexicanum 
(Saussube).    Male. 


TRYPOXYLON  GANDARAI,  nc 

Male. — ^Length  22  mm.  Median  produced  portion  of  clypeus 
broadly  rounded  apically,  lateral  teeth  small  and  obtusely  rounded 
apically;  head  and  thorax  very  like  hasale;  tooth  of  the  first  ventral 
segment  near  basal  third,  not  as  strongly  hooked  as  mexicanum,  but 
otherwise  similar;  first  and  second  dorsal  segments  narrowly  depressed 
apically,  but  not  at  all  basally;  second  dorsal  subequal  in  length  with 
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the  third;  wings  with  a  strong  purplish  reflection;  apical  joint  of  the 
posterior  tarsi  black;  head  and  thorax  (except  that  of  the  face  which 
is  silvery)  with  black  pubescence;  mandibles  black. 

Federal  District  of  Mexico.  One  male  received  from  Prof.  Guil- 
lermo  Gandara,  for  whom  the  species  is  named. 

Type.— Cat.  No.  14172,  U.S.N.M. 


TRTPOXTLON  LBUCOTRICHinM,  IMW  i 

Male. — ^Length  18  mm.  Clypeus  like  gandarai;  front  near  the 
orbits  with  large  separate,  distinct  punctures,  in  the  middle  and  at 
the  vertex  with  closer  and  smaller  punctures;  lateral  ocelli  slightly 
larger  than  the  anterior  one;  mesoscutum  with  fine,  separate,  distinct 
punctures,  anteriorly  with  two  impressed,  longitudinal  lines;  scutel- 
lum  not  impressed;  posterior  aspect  of  propodeum  punctured  later- 
ally, the  furrow  deep;  process  of  the  first  ventral  segment  near  base, 


Fio.  24.~Lateral  view 
Fig.  23.— Lateral  txew  of  the  of  the  basal  seoment 

LOWES  PABT  OF  THE  HEAD  OF  OF    TBTPOXYLOIT     LEU- 

Fio.  22.— Head  of  Tbtpoxtlon  TRTPOxYLONLEuconucHiuif  cotrichium     Rohwbb. 

LEUOOTBXCHIUM  ROHWEB.    MALE.  ROHWEB.     MALE.  MALE. 

and  not  strongly  curved;  first  and  second  dorsal  segments  not 
depressed  apically.  Mandibles  rufous;  wings  with  purple  reflections; 
apical  joint  of  the  posterior  tarsi  black;  head  and  thorax  with  white 
pubescence;  abdomen  with  white  pile. 

Female. — ^Length  22  mm.  Produced  portion  of  clypeus  subtrun- 
cate  apically,  the  lateral  angles  rounded;  third  antennal  joint  sub- 
equal  with  the  fourth  and  fifth,  apical  joint  tapering  and  subequal 
with  the  preceding;  mesoscutum  without  impressed  lines  ante- 
riorly, and  not  as  closely  punctured  as  the  male;  dorsal  aspect  of 
propodeum  polished;  third  dorsal  segment  narrowly  depressed 
basally;  pygidium  of  the  narrow  type,  see  figure  19. 

Colored  like  the  male  with  which  it  in  general  agrees. 

Chanchamayo,  Peru.  Fifteen  specimens  (five  females  and  10 
males)  from  Mr.  N.  F.  H.  Rosenberg.  Also  one  female  from  Ancon, 
Canal  Zone,  Panama,  collected  by  Mr.  A.  H.  Jennings. 

Type.—CdX.  No.  14173,  U.S.N.M. 
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Synopsis  of  foregoing  species  of  Trypoxylon. 

Males 1. 

Females 6. 

1.  Clypeus  with  a  narrow  produced  medial  portion,  which,  when  seen  from  the  side, 

is  at  an  acute  angle  with  the  face,  see  figure  23;  Neotropical  species 2. 

Clypeus  without  a  narrow  produced  medial  portion,  see  figure  12;  Nearctic 
species 4. 

2.  Process  of  the  first  ventral  8^;ment  very  near  base  and  not  strongly  hooked, 

see  figure  24;   hair  of  head  above  emaigination   of  eyes  and   the  thorax 

white leucotrickiuni  Rohwer. 

PhKess  of  first  ventral  segment  not  as  near  base  and  strongly  hooked,  see  figure  21; 
pubescence  of  head  and  thorax  black 3. 

3.  Apex  of  medial  process  of  clypeus  broadly  rounded,  process  not  carinate  to  the 

apex;    mandibles  black gandarai  Rohwer. 

Apex  of  medial  process  of  clyx>eus  sharply  aligulate  laterally  and  carinate  nearly  to 
the  apex;  mandibles  rufous mexicanum  (Saussure). 

4.  Second  and  third  dorsal  s^ments  broadly  depressed  basally,  the  fourth  dorsal  witli 

a  transverse  suture  at  basal  fourth;  process  of  the  first  ventral  segment  robust  and 
at  the  middle  of  segment hasale  Rohwer. 

Second  and  third  dorsal  segments  not  broadly  depressed  basally,  the  fourth  dorsal 
without  a  transverse  suture;  process  of  the  first  ventral  segment  distinctly  basal 

of  middle  and  more  slender 5, 

6.  Produced  part  of  the  clypeus  very  broad,  so  the  lateral  tooth  falls  well  outside  of  a 
line  drawn  tangent  to  the  inner  orbits;  the  lateral  tooth  of  clypeus  not  as  huge  or 
as  sharp;  wings  with  a  strong  purplish  reflection poUtiforme  Rohwer. 

Floduced  part  of  clypeus  not  as  broad,  the  lateral  tooth  falling  well  inside  of  a  line 
drawn  tangent  to  the  eyes;  the  lateral  tooth  large  and  sharp;  wings  with  a  bronzy- 
purplish  tinge polUum  Say. 

6.  Pygidium  broader,  see  figure  14;  first  segment  rather  shorter  and  ventrally  slightly 

produced  basally  so  to  be  undulating politum  Say. 

Pygidium  narrower,  see  figure  19;  first  segment  longer  and  only  uni-emaiginate  ven- 
Ixally  near  the  base , 7. 

7.  Third  dorsal  abdominal  segment  broadly  depressed  basally basale  Rohwer. 

Third  dorsal  abdominal  segment  not  depressed  basally,  although  somewhat  con- 
stricted in  some  cases 8. 

8.  Anterior  lateral  margin  of  clyx)eus  so  sharply  angled  at  the  side  as  to  appear  dentate, 

see    figure    18;    mandibles    black;    posterior    tarsi    with    the    apical    joint 

white polittformJie    Rohwer. 

Anterior  lateral  margin  of  clypeus  not  sharply  angled,  rounded,  see  figure  20;  man- 
dibles rufous;  posterior  tarsi  with  the  apical  joint  black;  Neotropical  species. .  .9. 

9.  Head  above  the  emargination  of  the  eyes  and  the  thorax  with  black  or  blackish 

pubescence Tnexkanum  (Saussure). 

Head  above  the  emargination  of  the  eyes  and  the  thorax  with  white 
pubescence leuootrtchum  Rohwer. 

TRTPOZYLON  SAUSSURSI,  new  name. 

Trypoxylon  mexieanum  Saussure,  Reise  d.  Novaraf  Zool.,  vol.  2, 1867,  Hym.,  p.  78, 
No.  4,  pi.  4,  fig.  46,  not  Trypoxylon  albitarse  var.  mexieana  Saussurx,  same 
reference,  p.  77. 
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A  NEW  MOSASAUROID  REPTILE  FROM  THE  CRETACEOUS 

OF  ALABAMA. 


By  Chablbs  W.  Gelmobe, 

AuUtarU  Curator  of  FossU  RepHkSy  United  States  National  Miueum, 


INTR0DUC5TI0N. 

The  specimen  to  be  described  was  found  in  the  L.  C.  Johnson  col- 
lection belonging  to  the  United  States  National  Museum. 

While  the  few  fragmentary  portions  preserved  indicate  the  mosaa- 
auroid  affinities  of  the  specimen,  the  unusual  character  of  the  teeth 
which  differ  so  much  from  the  dentition  of  the  more  typical  mo- 
sasaurs  that  it  becomes  necessary  to  establish  a  new  genus  and 
species  for  its  reception. 

GLOBIDENS,  new  genus. 

The  characters  of  this  genus  are  included  in  the  description  that 
follows  of  Cflobidens  alahamaenais,  the  type-species. 

OLOBmBNS  ALABAMABNSIS,  new  ipeclet. 

Type. — Cat.  No.  6527,  U.S.N.M.  This  specimen  consists  of  the  left 
maxilla,  almost  entire,  containing  mature  and  germ  teeth,  the  frontal, 
posterior  part  of  right  presplenial,  one  posterior  cervical  vertebra,  and 
numerous  fragments. 

Type-locality. — With  the  specimen  was  a  label  on  which  was  the 
following  data: — "Cretaceous,  In  Bogue  Chitto  Prairies  west  of 
Hamburg  continuation  of  same.  Perry  and  Dallas  Co.,  Ala.  Col- 
lected by  L.  C.  Johnson."  Unfortunately,  the  exact  locality  where 
this  specimen  was  found  can  not  now  be  learned. 

Horizon. — ^The  specimen  was  inclosed  in  a  light-colored,  chalky 
matrix,  and  Dr.  L.  W.  Stevenson,  of  the  United  States  Geological 
Survey,  who  is  familiar  with  the  rocks  of  this  region,  informs  me  that 
the  specimen  in  all  probability  comes  from  the  Selma  chalk  of  the 
upper  Cretaceous. 

DETAILED  DESCRIPTION. 

Maxilla. — ^The  left  maxilla,  lacking  some  of  the  posterior  end,  is 
present  (see  pis.  39  and  40),  and  shows  this  bone  to  be  massive  and 
stout  as  in  Brachysaurus  overtonii.  There  is  evidence  of  at  least  ten 
teeth,  and  probably  there  were  one  or  two  more  in  the  end,  which 

is  missing.    The  border  meeting  the  premaxilla  is  very  short,  extend- 

>■■      ' ' ■■■  ■        I 
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ing  back  only  to  the  third  tojoth.  The  vertical  part  of  this  border  is 
but  a  little  shorter  than  the  oblique  portion.  Back  of  this  border, 
above  the  fifth  tooth,  is  a  rounded,  free,  emarginate  edge  marking 
the  outer  boundary  of  the  narial  opening.  On  the  outer  surface  are 
two  parallel  rows  of  foramina,  those  of  the  lower  row  leading  into  the 
bases  of  the  teeth.    The  border  meeting  the  prefrontal  is  missing. 

Meaaurements  of  maxilla, 

mm. 

Greateet  length  aa  preeerved 248 

Greatest  width  over  ninth  tooth 55 

Greatest  width  over  second  tooth 34 

Width  from  alveolar  border  to  narial  border 51 

Dentition. — ^In  the  maxillary  there  is  evidence  showing  the  pres- 
ence of  at  least  ten  teeth,  and  the  posterior  end  of  this  bone,  which 
is  missing,  may  have  contained  one  or  two  more.     (See  pi.  40.) 

Counting  from  the  front,  the  first,  second,  fourth,  and  tenth  teeth 
were  lost  in  life,  only  the  empty  cavities  remaining;  the  third,  fifth, 
and  eighth  are  represented  by  the  broken  bases  of  the  crowns;  the 
seventh  and  ninth,  both  mature  teeth,  are  present  and  in  a  good  state 
of  preservation,  as  are  the  second,  fourth,  fifth,  and  sixth  germ  teeth. 
The  dental  series  is  well  shown  in  plate  40. 

The  ninth  maxiUary  tooth  has  a  bulbous  crown  with  a  finely 
wrinkled  enamel  surface.  This  wrinkling  of  the  enamel  is  coarsest 
at  the  apex  and  descending  becomes  gradually  finer,  ending  in  a 
nearly  smooth  surface  on  the  lower  constricted  part  of  the  tooth. 
As  in  all  mosasauroid  reptiles  the  tooth  is  attached  to  a  spheroidal 
mass  of  ostein.  On  the  posterior  side  of  the  ninth  tooth  there  is  a 
very  faint  carina  which  fades  out  before  reaching  the  apex.  The 
apex  is  worn. 

The  seventh  tooth  is  slightly  smaller  in  transverse  diameter,  with 
a  more  pronoimced  posterior  carina.  The  shape  of  this  tooth  also 
differs  from  the  ninth  by  a  shallow  depression  encircling  the  base  of 
the  crown  just  above  the  more  constricted  neck,  which  meets  the 
ostein  base. 

As  shown  by  the  broken  crown,  the  fifth  tooth  has  a  similar  encir- 
cling depression  of  the  crown.  The  base  of  the  eighth  indicates  that 
that  tooth  resembles  the  ninth  more  closely  than  it  does  those  pre- 
ceding it. 

On  the  inner  side  of  the  dental  border  of  the  maxillary  there  are 
the  usual  pits  or  excavations,  several  of  which  contain  young  teeth 
in  various  stages  of  development. 

The  young  tooth  showing  in  the  sixth  socket  appears  to  be  more 
elongate  vertically,  with  anterior  and  posterior  carinsB  which  termi- 
nate in  a  slightly  raised  point  on  the  apex  of  the  tooth.  The  position 
of  the  carinas  on  the  inner  and  outer  sides  of  the  tooth,  which  i3  just 
emerging  above  the  parapet  of  the  jaw,  appears  to  indicate  a  revolv- 
ing movement  of  the  tooth  as  it  rises  into  place. 

Digitized  by  VjOOQIC 


Ma  187a  NEW  M08A8AUR0ID  REPTILE^GILMORE.  481 

The  other  germ  teeth,  as  well  as  the  comparative  size  of  the 
cavities,  show  that  the  teeth  increase  in  size  from  front  to  back, 
the  more  anterior  being  somewhat  elongated  with  subacute  apices. 
The  second  germ  tooth  is  elliptical  in  cross  section. 

The  mature  teeth  contain  in  the  interior  a  large  conical  pulp  cavity, 
as  shown  by  the  broken  base  of  the  eighth  tooth  (see  pi.  40). 

Leidy,*  in  describing  some  isolated  mosasaurian  teeth,  says:  "They 
are  generally  divided  in  front  and  behind  by  an  acute  ridge  into  an 
inner  and  outer  surface.  In  some  teeth,  apparently  belonging  to  the 
most  posterior  dental  series  of  the  jaws,  and  to  those  of  the  pterygoid 
bones,  there  is  only  one  ridge,  which  is  situated  along  the  back  or 
concave  border  of  the  crowns."  It  is  of  interest  to  note  a  similar 
condition  of  the  carinse  in  the  teeth  described  here. 

It  is  in  the  peculiar  type  of  dentition  that  this  animal  may  be  best 
distinguished  from  the  other  mosasaurians,  and  that  these  teeth  indi- 
cate a  food  habit  different  from  that  usually  attributed  to  members 
of  this  group  is  very  evident. 

Regarding  the  character  of  the  food  upon  which  the  mosasaurs 
subsisted.  Dr.  S.  W.  Williston  expresses  the  opinion  that  it  "con- 
sisted almost  exclusively  of  fishes,  living  or  dead,  and  such  small 
animals  as  drifted  upon  the  water.  "^  These  observations  are  based 
upon  those  animals  having  the  sharp,  recurved  teeth  of  the  usual 
mosasaurian  type.  The  teeth  of  Olohidens,  however,  indicate  dif- 
ferent food  habits. 

The  posterior  teeth  of  this  form  were  undoubtedly  used  only  as 
crushing  instruments,  and  being  marine  animals  it  is  quite  reason- 
able to  suppose  their  food  consisted  ol  shell  fish,  crustaceans,  etc., 
the  harder  portions  of  which  were  crushed  between  the  bulbous 
teeth  before  being  swallowed.  The  two  functional  teeth  remaining 
intact  show  wear  only  on  the  very  top. 

Measvremenis. 

mm. 

The  sockets  for  9  teeth  occupy  a  distance  on  the  maxilla  of 210 


Teeth. 


Ninth.     Seventh.     Sixth. 


Greatest  antero-posterior  diameter. 

Gretateet  transverse  diameter 

Greatest  height  above  ostein  base. . 


253 
250 
220 


mm. 
225 
220 
235 


mm. 
185 


Frontal, — ^The  frontal  bone  is  broad  and  heavy  with  the  usual  tri- 
angular shape.  In  its  massiveness  it  resembles  those  of  Platycarpus 
and  Brcbchyaaurua,  more  particularly  the  latter. 

>  Smiths.  Contr.  Know!.,  vol.  14, 1865,  p.  49. 

>  Univ.  Qeol.  Surv.  Kansas,  voL  4, 1888,  p.  214. 
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Viewed  from  above  the  posterior  surface  of  the  frontal  is  flattened 
with  the  median  part  sUghtly  concave  transversely.  Forward  of  this 
area  the  bone  is  convex  in  cross  section,  with  a  median  ridge  which 
extends  forward  to  the  broken  end  of  the  bone  (see  fig.  1).  The  pos- 
terior part  of  this  edge  is  obtuse,  but  more  anteriorly  it  has  a  sharp 
edge.  In  front  of  the  center,  on  either  side  of  the  ridge,  the  bone  is 
shallowly  concave.  The  carinate  condition  of  the  frontal  is  also 
found  in  Platycarpus  and,  to  ale^  3egree,  in  sonie  of  the  other  genera. 
It  is  riot  j2resent_in  Tylosaurus.    The  posterior  border  is  nearly 

straight,   with    a 

^^^  slight  median  emar- 

jf^r^T^^rT^w^^  gination    where    it 

P^i^>i!l^^^  meets  the  parietaL 

y<^\\%^\^\^  'ffV'''^^k  On  either  side  of  the 

H'    '^'uV\\  *    i'  '^^^  middle  the   borders 

/{      '     m4^     I  /^  ^^  broken  so  that 

/   ,'•    *i  \^'\{[   Mh  r  '  'i'    '^m\  the  exact  outline  of 

I/'.  '^  ^^'^^Y'*' liiij'ilif^  \         ^'^  ^^®  ^*^'  ^^* 

/^    ■'■       -^ '^^:  y^'l^^^^^     '      'llflW  ^   determined,   al- 

/ ^J    ''     -' •    '\l]llil|i '  i^      W'-''^^  thoughit approaches 

/  "i- •  /'''     *l*ffl»C'^     -'''        %  ^^®     frontal     of 

/       ^^"'"  '^^    *  ^^ ^^m^mW^W''^^' '-'  m  -^'"^^V*^'^*'*^   more 

ui  V*  ■         '       \:^yMM^&''^t^.  .  :M  nearly  than  that  of 

/((    ^  i       .  '^^^^^gSJiff.,.^^      .^  Aj^^m  *^^y   ^^    ^^^    other 

JiiL^*^"^"^  '^'  ^^ '^^^'^''^i^'^--     '■'  ^l^^f  genera. 

W^^''^\  :f^^SB^^^i'-  •■'mam       ^^^  ^^^^^^  ^^ 

^^^^0i^i^^j^^^^^^^^^^^^^!^^^        gins  are  slightly  un- 

x^^^^^-'^^^^^x^^^/  dulatory  and  toward 

P  the  front  are  conver- 

FlO.  1.— Top  VIEW  OF  FRONTAL  or  GlOBIDENS  ALABAMAIWSD.     TTPB-       geUt.      Tho  pOSterfor 
SPBCIMSN,  \  NATURAL  SIZE.     O,  ANTERIOR  END;  p,  POSTERIOR  END.  q  n  Cfl  P        "WT-VlPTA      f  hlQ 

bone  meets  the  post-frontal,  is  thickened.  The  median  lateral  mar- 
gin forming  the  upper  border  of  the  orbit  is  slightly  emarginate  and 
obtusely  rounded. 

Immediately  in  front  of  the  free  orbital  margin  begins  the  line  of 
union  with  the  prefrontal.  The  entire  pointed  anterior  part  of  this 
bone  is  missing,  as  shown  in  figure  1. 

On  the  under  side  are  two  wide,  massive  parallel  ridges  which 
bound  the  cavity  for  the  olfactory  lobes.  At  the  outer  sides  of  these 
ridges  the  bone  is  deeply  excavated  for  sutural  union  with  the  pre- 
frontals. 

Mtaxwreme:nli  of  frontal, 

Greatee t  width  of  frontal 160 

Greatest  length  of  frontal 147 

Greatest  width  between  orbital  margins 112 

Greatest  width  olfactory  cavity 24 

The  greatest  width  of  the  frontal  of  Brachysaurus  is  also  160  mm. 
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PrespleniaV — ^A  portion  of  the  posterior  part  of  the  right  pre- 
splenial  shows  that  Ghhidens  has  the  joint  in  the  lower  jaw  as  in  the 
other  genera  of  this  group.*  The  portion  preserved  is  massive,  with 
the  usual  cupped  articular  end.  The  outer  surface  is  rounded  toward 
the  lower  margm,  and  the  articular  surface  for  union  with  the  den- 
tary  approaches  close  to  the  posterior  end  as  in  Mosasaurus, 

The  upper  side  of  this  end  is  U- 
shaped  in  section,  with  each  side  ex- 
tending upward  as  a  thin  margin,  the 
inner  portion  being  higher  and  heavier 
than  the  outer.  Thirty  millimeters 
from  the  posterior  end  on  the  inner 
side  is  a  large  foramen  (see  fig.  2), 
extending  forward  into  the  groove  for 
ItlecHers  cartilage.  The  anterior  part 
of  Wiis  bone  is  missing.  The  articidar 
end  has  a  transverse  width  of  27  mm. 


Fig.  2.— Inker  view  of  postebiob  part 

OF  RIQHT  PRESPLENIAL^GLOBTOENS  ALA- 
BAMAEN8IS.  TYPE-SPECIMEN,  ^  NATURAL 
SIZE,     a,  POSTERIOR  OR  ARTICXHJLR   END. 


'ertehra. — ^There  is  only  one  vertebra  preserved  with  this  speci- 
Baen  and  though  imdistorted  by  pressure  the  processes  of  this  bone 

have  been  much 
damaged.  Its  chief 
characteristics  are 
well  shown  in  fig- 
lu-e  3. 

The  presence  of 
heavy  transverse 
processes  and  a  ru- 
dimentary hypapo- 
physis  indicates  this 
vertebra  to  be  one 
of  the  posterior  cer- 
vicals,  probably  the 
sixth. 

In  the  general  pro- 
portions of  the  cen- 
trum it  resembles 
the  vertebrae  of 
Plaiy  carpus  more 
nearly  than  any  of  the  other  genera  with  which  it  was  compared. 


Fig.  3.— Posterior  cervical  vertebra  of  Olobidens  alabamaen- 
Bis,  (a)  laterial  view;  (6)  ventral  view;  (c)  posterior  view; 

(d)  ANTERIOR  VIEW.     TTPE-SFECIMEN,  )  NATURAL  SIZE. 


1  Presplenial  of  WflUston;  splenlal  or  opercular  of  other  authors. 

>  Willistoii  (Univ.  Geol.  Surv.  Kansas,  vol.  4, 1888,  pp.  212-213)  has  discussed  at  some  length  the  use  of 
the  peculiar  ball  and  socket  artiailation  at  the  middle  of  the  lower  jaw,  and  concludes  that,  in  the  true 
moeasaurians,  It  is  to  allow  the  lateral  expansion  of  the  jaws  when  swallowing  large  objects.  It  is  of  interest 
to  note  in  this  specimen  a  similar  articulation,  although,  as  indicated  by  the  dentition,  the  food  must  have 
been  of  quite  a  dlflerent  nature,  and  the  use  of  such  a  joint  Is  not  easily  accounted  for. 
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On  the  anterior  end  is  evidence  of  a  zygosphene  articulation,  and 
although  somewhat  rudimentary^  it  appears  to  have  been  functional. 
In  the  weakness  of  this  articulation  this  vertebra  approaches  those 
of  PlatycarpiLS  and  Plioplaty carpus. 

The  general  character  and  proportions  of  this  vertebra  are  well 
shown  in  the  figures,  and  it  appears  imnecessary  to  further  describe 
them. 

Meagwrenunis  of  vertebra . 

mm. 

Grreateet  length  of  centrum 61 

Greatest  width  anterior  end 36 

Greatest  width  posterior  end 33 

Greatest  depth  posterior  end 27 

Greatest  depth  anterior  end 29 

Greatest  width  transverse  process 87 

RelcUionsTiipg. — The  fragmentary  nature  of  the  type-specimen 
makes  it  impossible  to  say  much  of  the  relationships  of  this  form, 
although  the  manner  of  tooth  replacement  and  other  characters  of 
the  maxilla,  frontal,  presplenial,  and  vertebra  indicate  Gflobidens  to 
be  a  true  member  of  the  Pythonomorpha. 

The  short,  massive  maxilla  and  broad,  heavy  frontal  give  evi- 
dence of  this  animal  having  a  short,  broad,  heavy  skidl  of  the  Plor- 
tycarpus  or  Brachysaurus  type.  The  presence  on  the  one  vertebra 
foimd  of  a  small  but  probably  functional  zygosphene  articulation 
would  further  indicate  its  affinity  with  Platycarpus,  and  on  accoimt 
of  the  characters  eniunerated  above,  Globidens  is  referred  for  the 
present  to  the  family  PlatycarpinsB. 

EXPLANATION  OF  PLATES. 

Plate  39. 

Side  view  of  left  maxilla  of  Globidens  alabajnaensiSf  }  natural  size.  Type-fipecimen, 
Cat.  No.  6527,  U.S.N.M. 

Plate  40. 

Oblique  view  of  dental  border  of  left  maxilla  of  Globidens  alabamaemis,  }  natural 
size.    Tyi)e-8pecimen,  Cat.  No.  6527,  U.S.N.M. 
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THE  WEST  AMERICAN  MOLLUSKS  OF  THE  GENUS 

CINGULA. 


By  Paul  Babtsch, 

Assistant  Curator,  Division  of  Mollusks,  United  States  National  Museum, 


Of  the  genus  Oingula  we  now  know  six  species  on  the  West  Coast 
of  America,  three  of  which  are  new.  The  first  record  was  made  by 
Doctor  Krause  in  a  paper  on  the  Molluska  of  Bering  Sea,*  when  he 
described  Oingvia  robusta  (Dall  MS.)  Krause.  The  following  year 
Doctor  Dall  redescribed  Cingula  rohuaia  and  named  the  two  extremes 
of  tliis  form  C.  r.  martyni  and  C.  r.  scipioy  suggesting  martyni  for  the 
specific  name,  if  the  information  he  had  received  that  rohusia  was 
preoccupied  should  prove  true.^  In  the  same  paper,  page  307,  he 
described  Onoba  aleutica  Dall,  which  I  now  refer  to  the  present  genus. 

Of  the  three  species  now  added,  two — C.  cUdsJcana  and  C.  JcaOir 
erinsR — come  from  Alaska,  while  the  third — C,  montereyeTisis — the 
southernmost  member  of  the  genus,  comes  from  Monterey,  California. 

The  four  species  described  by  Prof.  C.  B.  Adams '  as  Cingula  pavr 
percuUij  Oingula  (f)  iricoTwpictto,  Oingula  (?)  terebeUumy  and  Oin- 
gula (f)  turrita,  are  all  PyramidellidaB  and  were  referred  to  their 
proper  places  by  Doctor  Dall  and  the  writer  in  Bulletin  68,  United 
States  National  Museum. 

CmOULA  MARTYNI  DaU. 

Plate  41,  figure  5. 

Cingula  robusta  jnartyni  Dai.1,,  Ptoc.  U.  S.  Nat.  Mus.,  vol.  9, 1886,  p.  306,  pi.  3, 
fig.  9,— Cingula  rohista  (Dall  MS.)  Khause,  Arch.  f.  Naturg.,  1886,  p.  270, 
pi.  17,  fig.  1,  a-6,  not  Cingula  robusta  H.  C.  Lba,  Ptoc.  Boet.  Soc.  Nat.HiBt., 
1844,  p.  204. 

Shell  elongate-ovate,  light  chestnut  brown.  Nuclear  whorls 
scarcely  differentiated  from  the  succeeding  turns,  smooth.  Post- 
nuclear  whorls  well  rounded,  smooth  excepting  fine,  incremental  lines. 
Suture   well   constricted.     Periphery   and   base   of   the   last  whorl 

1  Aich.  f.  Naturg.,  vol.  61, 1886,  p.  270,  pi.  17,  fig.  1. 

s  See  synonymy  of  dngvia  martynL 

•  Ann.  Lyo.  Nat.  Hist  N.  Y.,  1862,  pp.  406-6. 

Proceedjnqs  U.  S.  National  Museum,  Vol.  41— No.  1871. 
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inflated,  well  rounded,  the  latter  narrowly  umbilicated,  smooth 
excepting  fine,  incremental  lines.  Aperture  very  large,  broadly  oval, 
almost  circular;  outer  lip  decidedly  expanded,  thin;  columella 
strongly  curved  and  very  slightly  reflected;  parietal  wall  covered 
with  a  thick  callus  which  renders  the  peritreme  complete. 

The  type  (Cat.  No.  213527,  U.S.N.M.)  has  a  little  more  than  five 
whorls  and  measures:  length  5  mm.,  diameter  3.2  mm.  In  some 
specimens  of  this  species  faint,  spiral  lines  are  apparent. 


Specimens  examined. 


Cata- 
logue No. 


61337 
213535 
213533 
160977 
213534 
161047 
161070 
161075 
161009 
161104 
1206036 
210466 
213527 
213529 
213530 
213532 
213528 
213531 


Locality. 


Plover  Bay,  East  Siberia 

....do..... 

North  end  Nunivak  Island,  Alaska 

St.  Paul,  Prlbllofl  Islands,  Alaska 

Bering  Island,  Alaska  (6  to  10  liathoms). 

Kyska  Harbor,  Aleutians,  Alaska 

.do 


.do.. 
..do.. 


Kyska  Harbor,  Aleutians,  Alaska  (beach,  low  water). 

Kyska  Harbor,  Aleutians,  Alaska 

.do 


.do., 


Kyska  Harbor,  Aleutians,  Alaska  (10  fathoms,  sandy  mud). 

Kyska  Harbor,  Aleutians,  Alaska  (6  to  8  fathoms,  sand) 

Constantine  Harl)or,  Amchitlca  Island,  Aleutians,  Alaska. . . 

Korovln  Bay.  Atka  Island.  Alaska 

Nazan  Bay,  Atka  Island,  Alaska 


Number 
of  speci- 
mens. 


12 
2 

48 

1 

151 

15 
1 
1 
8 

40 

18 

15 
1,332 

26 
2 

40 
2,662 

19 


» 1-type. 
CINGULA  MARTTNI  SCIPIO  DalL 
Plate  41,  figure  6. 
CSngularobustaadpio  Ball,  Proc.  U.  S.  Nat.  Mus.,  vol.  9, 1886,  p.  306,  pi.  4,  fig.  10. 

Shell  similar  to  martyni  but  more  slender,  with  the  spiral  sculpture 
usually  more  pronoimced. 

The  type  (Cat.  No.  213536,  U.S.N.M.)  has  a  little  more  than  five 
post-nuclear  whorls  and  measures:  Length,  4  mm.;  diameter,  2.2  mm. 

Specimens  examined. 


Cata- 
logue 


56400 

1213536 

213537 

213538 

213539 


Locality. 


Number 
of  speci- 
mens. 


St.  Georges  Island,  Alaska 

Kyska  Harbor,  Aleutians,  Alaska 

Chika  Islands,  Akutan  Pass,  Alaska  (low  water) 

Unalaska,  Alaska 

East  side  Simeonoff  Island,  Shumagins,  Alaska 

West  side  Middleton  Island,  Alaska  (10  to  12  fathoms,  gravel) . 


1 

6 
14 

4 
93 

1 


1 1-type. 
dNOULA  ALASKANA,  I 


Plate  41,  figure  4. 

Shell  subglobose,  light  brown.     Nuclear  turns  one  and  one-quarter, 
well  rounded,  smooth  excepting  fine,  incremental  lines.    Post-nuclear 
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whorls  inflated,  well  rounded,  marked  by  strong,  incised,  equal,  and 
equally  spaced,  spiral  grooves,  which  are  about  two-thirds  as  wide  as 
the  spaces  that  separate  them;  about  10  of  these  grooves  occur 
between  the  sutures  on  the  second,  and  13  on  the  penultimate  whorl. 
Suture  well  impressed.  Periphery  of  the  last  whorl  strongly  inflated. 
Base  rather  short,  inflated,  well  rounded,  very  narrowly  umbihcated, 
marked  like  the  spire  with  spiral  grooves.  In  addition  to  the  spiral 
sculpture  the  post-nuclear  whorls  are  marked  by  rather  strong,  incre- 
mental lines,  which  extend  over  the  entire  surface  of  the  post-nuclear 
spire.  Aperture  large,  oval,  slightly  angulated  at  the  posterior  angle; 
outer  lip  thin,  showing  the  external  markings  within;  columella 
curved,  sUghtly  reflected; 'parietal  wall  glazed  with  a  thick  callus, 
which  completes  the  peritreme;  operculum  homy,  pauci-spiral. 

The  type  (Cat.  No.  160995,  U.S.N.M.)  has  two  and  one-half  post- 
nuclear  whorls  and  measures:  Length  2.6  mm,  diameter  2  mm.  It 
was  collected  by  Doctor  Dall  at  Amchitka  Island,  Alaska. 

dNOULA  ALBUTICA  IHXL 

Plate  41,  figure  2. 
Onoba  akutica  Dall,  Ptoc.  U.  S.  Nat.  Mua.,  vol.  9,  1886,  p.  307,  pi.  3,  fig.  11. 

Shell  elongate-ovate,  light  yellow.  Nuclear  whorls  scarcely  differ- 
entiated from  the  succeeding  turns.  Post-nuclear  whorls  strongly 
rounded,  appressed  at  the  summit,  marked  by  very  fine,  increQiental 
lines  only.  Suture  strongly  constricted.  Periphery  of  the  last 
whorl  and  the  moderately  long  base  well  roimded,  the  latter  narrowly 
umbihcated,  marked  like  the  spire.  Aperture  large,  oval,  slightly 
expanded  at  tlie  edge;  posterior  angle  decidedly  obtuse;  peritreme 
complete,  dark  brown  at  the  edge;  outer  lip  thin;  columella  obhque, 
strongly  curved;  parietal  wall  covered  with  a  thick  callus,  which  is 
appressed  to  the  succeeding  whorl,  completing  the  peritreme. 

The  type  (Cat.  No.  213525,  U.S.N.M.)  has  five  and  one-half  post- 
nuclear  whorls  and  measures:  Length  3.2  mm.,  diameter  1.7  mm. 

Specimens  examined. 


Cata- 
ioeue 


Locality. 


Number 
ofspeci- 


1213525 
151618 
160961 
161069 
160871 
180354 
204022 
203702 
213526 


Unalasica,  Alaska 

St.  Pauls  Island,  Alaska 

St.  Paui;  Prlbiloff  Islands,  Alaska  (6  to  0  fathoms) 

CoDStantine  Harbor,  Amchitka  Island,  Aleutians,  Alaska, 

Popofl  Strait,  Shumaglns,  Alaska  (0  fathoms) 

Cooks  Inlet,  near  Soldovia,  Alaska 

Windfall  Harbor,  Admiralty  Island,  Alaska 

do :^ 

Kyska  Harbor,  Aleutians,  Alaska  (beach,  low  water) 

>  Figured  type. 


2 
1 

1 
1 
5 
1 
1 
1 
126 
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dNGULA  KATHERINA,  new  spedes. 
Plate  41,  figure  3. 

Shell  subglobose,  dark  brown.  Nuclear  whorls  about  one  and  on 
quarter^  weU  rounded,  smooth.  Post-nuclear  whorls  strongly,  rouni 
edly  shouldered  at  the  summit;  well  rounded  on  the  sides,  marked  h 
fine,  incremental  Unes  only.  Suture  strongly  constricted.  Periphei 
of  the  last  whorl  inflated.  Base  moderately  long,  well  rounded,  naj 
rowly  umbilicated,  smooth  excepting  incremental  lines.  Apertui 
large,  oblique,  broadly  oval;  outer  Up  thin;  columella  curved  an 
slightly  reflected;  parietal  wall  covered  with  a  thick  callus  whic 
renders  the  peritreme  complete. 

The  type  (Cat.  No.  206103,  U.S.N.M.)  was  coUected  by  Mrs.  Kat 
Stephens,  for  whom  it  is  named,  at  Windfall  Harbor,  Admiralt 
Islands,  Alaska.  It  has  three  post-nuclear  whorls,  and  measures 
Length  2.7  mm.,  diameter  2  mm. 

CINOUIA  MONTERETBNSIS,  new  spedM. 

Plate  41,  figure  1. 

'  Shell  elongate-conic,  light  brown.  Nuclear  whorls  one  and  one 
half,  well  rounded,  smooth.  Post-nuclear  whorls  appressed  at  the 
summit,  moderately  rounded,  marked  by  fine,  incremental  lines  only. 
Suture  only  slightly  constricted.  Periphery  of  the  last  whorl  some- 
what inflated,  well  rounded,  with  a  very  narrow  umbilical  chink, 
smooth  excepting  fine,  incremental  lines.  Aperture  broadly  oval, 
somewhat  effuse  anteriorly;  posterior  angle  obtuse;  outer  lip  thin; 
columella  curved;  parietal  wall  glazed  with  a  moderately  strong  callus, 
which  joins  the  posterior  angle  of  the  aperture  with  the  insertion  of 
the  columella. 

The  type  (Cat.  No.  127547,  U.8.N.M.)  and  four  specimens  come 
from  Monterey,  California.  The  type  has  five  and  a  half  post-nuclear 
whorls,  and  measures:  Length  4  mm.,  diameter  2.1  mm. 

EXPLANATION  OF  PLATE  41. 

Fig.  1. — Cingula  montereyensis  Bartsch.    Type.    Long.  4  mm.;  p.  488. 
2. — Cingula  aleutica  Dall.    Type.    Long.  3.2  mm.;  p.  487. 
3. — Cingula  kaiherinss  Bartach.    Type.    Long.  2.7  mm.;  p.  488. 
4. — Cingula  alashana  Bartach.    Type.    Long.  2.6  mm.;  p.  486. 
5. — Cingula  mariyni  Dall.    Type.    Long.  6  mm.;  p.  485. 
6. — Cingula  mariyni  acipio  Dall.    Type.    Long.  4  mm.;  p.  486. 
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From  the  type.    Oiie-foiirth  natural  size. 


Dermal  denticles  of  flank,  enlarged. 


Upper  ja w.  Lower  jaw. 

Tooth  in  typical  sections  of  jaws,  enlarged. 

Pentanchus  profundicolus. 
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[SCIENTIFIC  RESULTS  OF  THE  PHILIPPINE  CRUISE  OF  THE  FISHERIES  STEAMER 
"ALBATROSS,"  1907-10.— No.  14.] 

DESCRIPTION    OF   A   NEW    NOTIDANOID    SHARK   FROM. 
THE    PHILIPPINE    ISIANDS    REPRESENTING    A    NEW 
FAMILY. 


By  Hugh  M.  Smith,  * 

United  States  Deputy  Commissioner  of  Fisheries 
and  Director  of  the  Albatross  Philippine  Expedition. 


Among  the  sharks  collected  in  the  Philippine  Archipelago  by  the 
Albdtross  expedition  is  a  remarkable  deep-water  form  from  the 
Mindanao  Sea  which  has  not  hitherto  been  met  with  and  becomes  the 
type  of  a  new  family  of  Notidajii  or  Diplospondyli. 

PENTANCHID.E,  new  family  (Notidani). 

Notidanoid  sharks  characterized  by  five  branchial  apertures,  the 
last  three  of  which  are  above  the  base  of  the  pectoral  fin;  elongate 
body,  nearly  straight  tail;  long,  flat  snout;  inferior  mouth;  pluri- 
serial,  pluricuspid,  erect  teeth,  similar  in  both  jaws;  minute  spiracles; 
imbricate  denticles;  a  single  small  dorsal  fin  without  spine;  long 
caudal  fin,  with  large  lower  lobe;  long  anal  fin;  ventral  fins  inserted 
in  advance  of  the  center  of  the  body;  and  large,  broad,  pectoral  fins. 

This  family  is  intermediate  between  the  other  two  known  families 
composing  the  Notidani — the  HexanchidaB,  with  moderately  elongate 
body,  upbent  tail,  short  dorsal  and  anal  fins,  inferior  mouth,  dissimilar 
teeth  in  the  two  jaws,  and  gill  openings  of  normal  shape;  and  the 
Chlamydoselachidae,  with  greatly  elongate  body,  straight  tail,  long 
dorsal  and  anal  fins,  terminal  mouth,  similar  teeth  in  the  two  jaws, 
and  frilled  gill  openings. 

The  presence  of  only  five  branchial  openings,  while  not  surprising 
in  such  an  archaic  type  of  shark  as  the  one  under  consideration,  is 
nevertheless  not  found  in  any  other  known  shark  referable  to  this 
order. 

>  In  the  study  Qt  this  shark  the  writer  has  been  associated  with  If  r.  Lewis  Raddifle,  who  assumes 
Joint  authority  for  the  new  genus  and  species  described. 

Proceedinqs  U.  S.  National  Museum,  Voi^  41— Na  1872. 
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PENTANCHUS  Smith  and  Radcliffe,  new  genus. 

The  characters  of  the  genus  are  sufficiently  indicated  in  the  family- 
description. 

Genotype. — Pentanchua  profundicolus. 

PBNTAIf  CHUS  PROFUNDICOLUS  Smith  and  Radcliffe,  new  spedei. 
Plate  42. 

Form  very  elongate  and  slender,  back  not  elevated,  body  tapering 
graduaUy  into  the  long,  slightly  decurved  tail;  body  and  caudal 
peduncle  much  compressed;  head  long,  broad,  moderately  depressed, 
length  of  head  (to  posterior  gill-opening)  .25  total  length,  width  of 
head  at  angle  of  jaws  equal  to  snout,  depth  .3  length;  depth  of  caudal 
peduncle  three  times  its  thickness  and  .6  length  of  base  of  dorsal  fin; 
eye  superior,  rather  small,  the  length  of  orbital  opening  equal  to  dis- 


Pentanchus  pBorxTNDicoLns.    Under  side  of  bead.    Natural  biz*. 

tance  between  inner  angles  of  nostrils,  vertical  diameter  of  eye  less 
than  width  of  dieek;  snout  very  long,  broad,  and  flat,  slightly  dilated 
at  nostrils  and  tapering  acutely  from  nostrils  to  the  rounded  tip, 
length  of  snout  equal  to  distance  from  anterior  margin  of  eye  to 
second  gill-opening,  its  width  at  nostrils  .75  length,  length  of  tapering 
side  equal  to  distance  to  posterior  comer  of  eye,  under  surface  of 
snout  flat,  the  upper  and  lower  sides  of  snout  forming  a  sharp  edge, 
the  preoral  space  more  than  .8  length  of  snout;  mouth  wide,  cres- 
centic,  the  jaws  somewhat  protruding,  anterior  margin  of  mouth 
entirely  anterior  to  eye,  the  angle  of  mouth  under  pupil,  a  well- 
marked  groove  at  angle  extending  more  than  .7  distance  to  nostril 


Digitized  by 


Google 


wo.  1872.  NEW  FAMILY  OF  SHARKS^SMITH.  491 

and  continued  on  lower  jaw  for  about  .5  distance  to  symphysis; 
nostrils  very  large,  oblique,  inferior,  each  .6  width  of  snout  at  their 
anterior  margin;  interorbital  space  flattish,  twice  diameter  of  eye; 
teeth  in  both  jaws  similar,  erect,  grooved,  with  a  median  lanceolate 
cusp  and  two  smaller  cusps  on  each  side;  body  and  fins  completely 
covered  with  minute,  closely  imbricated,  leaf-shaped  denticles,  with 
a  strong  median  keel  and  one  lateral  keel  on  each  side,  the  scales  on 
the  upper  edge  of  pedimcle  enlarged;  numerous  pores  on  head,  includ- 
ing a  sharply  defined  elongate  oval  patch  of  large  pores  on  upper  and 
lower  surfaces  of  snout,  the  pores  arranged  in  regular  lines,  a  patch 
of  similar  pores  on  cheek  immediately  in  front  of  eye  and  another  on 
corresponding  portion  of  underside  of  snout  posterior  to  nostril; 
branchial  apertures  small,  the  length  of  the  series  .33  anterior  margin 
of  pectoral;  spiracle  round,  minute,  close  to  posterior  angle  of  orbital 
opening. 

Dorsal  fin  over  posterior  end  of  anal,  its  origin  midway  between 
first  gill-opening  and  end  of  tail,  height  of  fin  equal  to  snout,  length 
of  base  .66  height;  caudal  fin  very  long,  the  upper  lobe  narrow  and 
extending  toward  the  dorsal  as  a  low  ridge,  the  lower  lobe  long, 
notched  posteriorly,  deep  anteriorly,  and  contiguous  with  anal;  origin 
of  anal  nearly  midway  from  end  of  snout  to  tip  of  tail,  its  base  as  long 
as  head  (to  first  gill-opening),  its  greatest  length  about  equal  to  that 
of  lower  caudal  lobe;  ventral  fins  small,  their  origin  midway  from  eye 
to  dorsal  fin,  the  modified  rays  (claspers)  roimd,  thick,  expanded  at 
end,  and  reaching  to  anal;  pectorals  large,  broad,  with  rounded 
comers  and  straight  posterior  margin,  extending  to  ventrals  when 
closely  applied  to  body. 

Color:  Uniform  dark  brown. 

Type. — Cat.  No.  70260,  U.S.N.M.,  a  male  specimen  50.8  cm.  long, 
taken  with  a  beam  trawl  on  July  31,  1909,  at  station  5486  Oat.  10® 
02'  N.;  long.  125 "*  19'  20"  E.),  m  the  Sea  of  Mindanao,  between  the 
islands  of  Mindanao  and  Leyte,  at  a  depth  of  585  fathoms. 
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THE  CHARACTERS  OF  THE  FOSSHi  PLANT  GIGANTOP- 
TERIS  SCHENK  AND  ITS  OCCURRENCE  IN  NORTH 
AMERICA.  

By  David  White, 

Asaodate  Cvratofy  Division  of  Paleobotany,  U.  S,  National  Museum. 


INTRODUCTION. 

The  name  Oigantopteris  has  been  applied  to  a  remarkable  femlike 
plant  from  the  "Lui-ho"  coal  field  in  the  province  of  Hu-Nan,  in 
south-central  China.  The  specimens  on  which  the  genus  was  founded 
were  discovered  in  1870  at  the  anthracite  coal  mines  at  Lui-Pa-Koti 
by  Baron  F.  von  Richthofen,  who,  on  account  of  the  crushing  throng 
of  natives  actuated  by  mingled  curiosity  and  hostility,  was  able  to 
gather  but  a  small  number  of  fossils  of  any  kind.  The  striking  novelty 
of  the  plant  in  question  was  at  once  recognized  when,  later,  the  collec- 
tion was  submitted  to  August  Schenk,  in  Leipzig,  who  in  1883  de- 
scribed^ the  fragmentary  material.  The  name  Megaloptena  mco- 
tiansefolia  was  given  to  the  fossil  on  account  of  the  evidently  great 
size  of  the  leaf  and  the  resemblance  of  the  fragments  to  the  leaves 
of  the  cultivated  tobacco  plant. 

No  other  specimens  of  the  kind  were  found  in  any  other  region  or 
collection  until  1903,  when  a  French  engineer  explorer,  M.  CouniUon, 
obtained  a  small  lot  of  plant  fragments  from  a  coal  field  in  the  southern 
part  of  the  province  of  Yun-Nan,  which  lies  in  southwestern  China,  slop- 
ing from  the  Himalaya  Mountains  and  forming  the  northeast  border 
of  Upper  Burma.  These  fragments  were  described  in  1907  by  Prof. 
R.  ZeiUer,*  who  r^arded  the  flora  as  probably  basal  Triassio  or 
possibly  uppermost  Permian.  Schenk,  who,  though  a  high  authority 
on  Mesozoic  plants,  was  hardly  familiar  with  the  Paleozoic  floras, 
had  as  the  result,  perhaps,  of  wrong  identification  of  some  of  the 
associated  plants  assigned  the  above-mentioned  von  Richthofen 
collection  to  the  "coal  measures."  Although  the  fragments  placed 
in  Zeiller's  hands  were  too  small  to  throw  much  light  on  the  nature 
or  characters  of  Schenk's  plant,  with  which  the  Yun-Nan  material 
was  specifically  identified,   they  served   to   correct  the  nervation 

1  Von  Richthofen,  China,  vol.  4,  Berlin,  1883,  pp.  211-209,  pis.  30-54. 
s  Annales  des  Mines,  ser.  10,  vol.  11, 1907,  pp.  5-27,  pi.  14. 
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delineated  in  a  very  misleading  fashion  by  Schenk,  thus  giving  a 
truer  glimpse  of  the  unique  vein  system  and  showing  more  clearly  the 
filicoid  aspect  of  the  type,  the  fronds  of  which  were  regarded  by  the 
distinguished  French  paleobotanist  as  probably  pedalate,  like  those 
of  Olathropteris. 

The  specimens  described  by  Schenk  and  Zeiller  are  all  that  have 
been  known  of  Oigantopieris  until  the  discovery  of  numerous  frag- 
ments at  a  number  of  localities  in  the  "red  beds"  Permian  of  the 
Western  Interior  basin,  i.  e.,  in  the  Enid  formation  of  Oklahoma  * 
and  the  Wichita  formation  of  Texas. 

In  its  nomenclatural  history,  as  well  as  in  other  respects,  the 
genus  under  consideration  is  singular.  Schenk,  on  learning,  soon 
after  the  publication  of  his  memoir,  that  the  generic  name  Megor- 
lopteris  had  been  preoccupied  by  Dawson*  autographically  substi- 
tuted in  pencil  the  name  IdiopJiyUum,  given  by  Lesquereux  to  a 
specimen  from  the  coal  measures  (Allegheny  age)  at  Mazon  Creek, 
in  Illinois.  This  name  was  inscribed  by  him  in  the  text  of  the  copy 
presented  by  him  to  Zeiller  and  in  the  copy  now  in  the  library  of  the 
United  States  Geological  Survey.  However,  the  original  specimen 
described  by  Lesquereux  as  IdiophyUum  is  iacluded  in  the  collection 
presented  by  Mr.  R.  D.  Lacoe,  of  Pittston,  Pennsylvania,  to  the 
United  States  National  Museum.*  On  reviewing  the  material  in 
the  Lacoe  collection  on  the  occasion  of  its  transfer  to  the  museum  in 
1893,  the  writer  recognized  in  this  type-specimen,  which  constitutes 
one-half  of  a  nodule,  a  somewhat  macerated  pinna  of  Neuropieris. 
Several  years  later  the  other  half  of  the  nodule,  the  counterpart  of 
the  type-specimen,  was  found  in  the  Geological  Museum  of  Yale 
University  by  Dr.  E.  H.  Sellards,  who  identified  it  as  Neuropieris 
rarinervis,^  thus  disqualifying  the  name  IdiophyUum  from  further 
use  in  paleobotanical  literature.  Oigantopieris  was  a  new  name 
penciled  by  Schenk,  in  substitution  for  Megalopieris,  in  the  copy  of 
his  paper  now  in  the  library  of  Dr.  H.  Potonifi,  in  Berlin,  as  noted  by 
the  latter  in  Engler  and  Prantl's  Pflanzenfamilien,*  where  Schenk's 
manuscript  name  is  for  the  first  time  put  into  print.  Potoni6  places 
the  genus  among  the  ferns  without  reference  to  any  particular  group. 

The  American  material  embraces  certain  seeds  and  polleniferous 
(sporif erous  ?)  scales  so  intimately  associated  with  Oigantopieris  and 
partaking  of  so  many  of  its  characters  as  to  seem  to  justify  placing 
the  genus  provisionally  among  the  Cycadofilices,  or  Pteridosperms, 
rather  than  among  the  ferns. 

1  The  plant-bearing  horizons  of  the  Enid  formation  (U.  S.  Geol.  Surv.,  W.  S.  Paper  154,  VX6)  prol>ably 
liill  within  the  Chase  stace  of  Kansas, 
s  Oeol.  Snrv.  Canada,  Foss.  riant  Dev.  and  Upper  SH.  Form.,  Canada,  1871,  p.  50. 

•  No.  10258  of  the  fossil-plant  collection  of  the  U.  S.  National  Museum. 

*  Amer.  Jour.  Sci.,  scr.  4,  vol.  14, 1002,  p.  203. 

»  Engler  and  Pnmti,  NatOrl.  Pflanaenfam.,  Leipsig,  Tell  I,  Abth.  4, 1900,  p.  513. 
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DESCRIPTION  OF  THE  FOSSILS. 

V 

Localities. — The  American  specimens  which  will  be  described  in 
this  paper  come  from  the  Wichita  fonnation  of  Texas,  the  exact 
locality  being  the  bank  of  the  stream  at  the  crossing  of  the  old  road, 
one-fourth  mile  south  of  the  ford  of  Little  Wichita  River,  4  miles 
southeast  of  Fxilda,  a  station  in  Baylor  County.  Here  the  fronds 
of  CHgantopteris  lie  mingled  with  other  plants  in  great  profusion  in 
a  rather  thin  layer  of  bluish-gray  friable  clay  shale  about  3  feet 
above  the  "fish  bed."  The  latter  is  a  very  thin,  dark-colored, 
gnarly,  bituminous  limestone  filled  with  the  bones,  spines,  dermal 
plates,  etc.,  of  various  fish  and  reptUes.  It  paves  the  road-crossing. 
The  plant  bed  was  first  discovered  by  Prof.  E.  C.  Case,  of  the  Uni- 
versity of  Michigan,  who,  while  collecting  the  vertebrate  fossils  * 
gathered  also  a  few  plant  fragments  which  were  kindly  commimi- 
cated  by  him  to  me  for  examination.  A  small  collection  from  this 
most  interesting  locality  was  obtained  in  1908  by  Prof.  C.  H.  Gordon 
and  myself;  and  in  1909  I  secured  from  the  same  locality  much 
good  plant  material  which,  however,  was  largely  ruined  subsequently 
by  becoming  accidentally  dampened.^  On  this  account  this  collec- 
tion was  duplicated  in  1910.  The  associated  species  will  be  noted, 
in  connection  with  the  discussion  of  the  age  of  the  beds,  on  a  later 
page.  It  will  suffice  at  this  point  to  say  that  CHgantopteris  is  there 
mingled  in  a  filicoid  flora,  with  Pecopteris,  Tseniopteris,  Odontopteris, 
WaJchia,  Oomphostrohus,  insect  wings,  Esiheria,  and  fish  scales. 
So  numerous  are  the  plant  fragments  and  so  friable  and  jointed 
are  the  clays  that  it  is  well  nigh  impossible  to  secure  large  or  perfect 
specimens  of  the  larger  plant  parts. 

Besides  the  locality  just  described  the  genus  has  also  been  found 
in  "Castle  Hollow"  2 J  miles  south  of  Pulda;  in  the  red  sandstones 
three-fourths  mile  east  of  Electra,  Texas,  the  latter  locality  having 
been  discovered  by  Prof.  Charles  N.  Gould,  to  whom  geologists  are 
indebted  for  the  greater  part  of  our  knowledge  of  the  "Red  Beds" 
of  Oklahoma;  in  the  red  and  green  shales  above  the  thin  limestone 
horizon  about  4  miles  southeast  of  Electra;  near  Perry,  Oklahoma; 
in  the  vertebrate-bearing  beds  near  Eddy,  Oklahoma;  and  near  San 
Angelo,  in  Tom  Green  County,  Texas.  In  fact  this  curious  plant 
is  present  at  nearly  every  point  where  vegetable  remains  have  been 
foimd  in  the  Wichita  formation  or  its  equivalents  in  Texas  and  Okla- 
homa. Everywhere  it  is  associated  with  Tseniopteris.  On  account 
of  the  very  singular  aspect  and  nervation  of  the  leaves  small  pieces  of 
CHgantopteris  hsLYe  in  several  instances  been  temporarily  mistaken 
for  fragments  of  some  fish  or  reptile. 

1  Bull.  Amer.  Mus.  Nat.  Hist.,  voL  23, 1907,  pp.  659,  665. 

I  The  clays  shrlok  and  crack  badly  vrbaa  dry,  and  melt  to  a  paste  when  wet. 
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The  sterile  fronds. — ^The  leaves  of  Oigantopteris,  as  commonly 
gathered,  in  apical  or  interdichotomal  fragments,  resemble  nothiDg 
so  much  as  portions  of  the  broad  lanceolate  or  linear-laaceolate 
leaves  of  some  dicotyledonous  genus  with  rather  close,  open,  and 
well-defined  secondary  nerves.  Only  when  the  nervation  is  examined 
more  closely  or  the  dichotomy  of  the  leaf  is  noted  is  the  real  nature 
of  the  plant  suspected.  The  specific  name,  nicotianxfolia,  given  by 
Schenk  to  the  Chinese  form  is  therefore  descriptively  appropriate. 
When  larger  pieces  are  discovered  or  put  together  the  fronds  of  the 
Texas  plant  are  found  to  be  broadly  ribbonUke,  sympodially  (?)  fork- 
ing (pis.  43,  44,  and  45)  rather  distantly,  and  slightly  narrowed  at 
the  points  of  bifiu-cation,  as  shown  in  plate  43,  so  that  the  segments 
have  a  linear-lanceolate  to  lanceolate  form.  The  angle  of  dichotomy 
is  rather  wide,  generally  about  60®.  The  lamina,  which  is  not  very 
thick,  is  generally  strongly  convex  on  the  ventral  surface  between 
the  secondary  nerves;  it  is  united  for  its  whole  width  above  each 
dichotomy,  and  is  either  abruptly  terminated  below,  or  gradually 
narrowed,  while  becoming  lobately-incised  or  modified,  at  the  base  of 
the  frond,  as  indicated  in  plate  46,  figure  3,  and  plate  48,  figure  5. 

The  border  of  the  leaf  is  sinuate.  As  seen  in  fossils  like  that 
shown  on  the  right  in  plate  45,  it  may  be  round-convex  about  the 
end  of  each  secondary  nerve;  in  other  examples  it  is  concave  opposite 
the  ends  of  the  same  nerves,  as  shown  in  plate  44  and  plate  47, 
figure  1,  while  in  still  others,  including  the  very  young  example, 
plate  46,  figure  3,  both  phases  are  found.  It  is  notable,  however, 
that  in  the  basal  portions  of  the  frond,  in  which  lobation  may  be 
found,  the  margins  are  naturally  convex  opposite  each  secondary 
nerve,  whose  region  of  distribution  corresponds  to  a  lobe,  and  is  in 
some  specimens  a  well-defined  lobe.  The  varying  sinuosity  of  the 
margin  is  probably  due  to  partial  maceration  and  shrinkage  in 
the  lamina;  convexity  of  outline  opposite  the  secondary  nerves  is 
presumably  the  normal  condition.  The  nervation  appears  to  have 
offered  greater  rigidity  and  support  for  the  lamina  opposite  the 
sutural  nerves  in  the  large  leaves  than  appears  to  have  been  afforded 
at  the  ends  of  the  secondary  nerves  themselves. 

The  nervation  of  Oigantopteris  is  an  anomalous  as  well  as  very 
striking  characteristic  of  the  plant.  As  may  be  noted  in  the  frag- 
ments shown  in  plates  43,  44,  45,  and  47,  figure  1,  or  even  in  the 
very  young  frond  seen  in  plate  46,  figure  3,  the  secondary  nerves 
emerge,  equidistant  and  parallel,  at  a  conspicuously  wide  angle  from 
the  very  broad,  deeply  depressed  and  irregularly  lineate  median 
nerve  of  the  segment,  and  pass,  ventrally  depressed,  nearly  straight 
or  with  a  slight  outward  turn  toward  the  margin.  They  are  a  little 
decurrent  at  the  base,  and  taper  slightly  upward  to  near  the  border 
where  they  become  rapidly  effaced  like  those  of  AUthopteriSf  as 
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shown  in  plate  45  and  plate  48,  figure  1.  When  the  lamina  is 
slightly  shrunken  they  appear  to  pass,  moderately  strong,  to  the 
border.  The  tertiary  nerves  originate  somewhat  regularly,  at  a  wide 
angle,  from  the  secondary  nerves  and  also  from  the  midribs  in 
Alethopteroid  fashion.  They  rapidly  diffuse  in  a  somewhat  fascicu- 
late system  by  dichotomy  into  sUghtly  divergent  or  nearly  erect, 
straight  nerviQes,  some  of  which  may  fork  again,  as  shown  in  plate  46, 
figure  2.  Similar  nervilles  spring  directly  from  the  secondary  nerves 
and  midribs.  In  the  older  or  basal  portions  of  the  large  frond, 
like  that  seen  in  plate  46,  figure  2,  the  tertiary  nerves  are  more 
distinctly  fasciculate;  but  in  the  higher  areas,  such  as  that  seen  in  the 
nature  print,  figure  2,  they  are  less  divided,  while  near  the  apex, 
plate  49,  figure  4,  many  of  the  nerves  are  simple. 

As  seen  in  all  the  figures,  particularly  plate  46,  figure  2,  plate  47, 
figure  1,  plate  48,  figure  2,  the  nerves  in  each  fascicle  tend  to 
coalesce  very  obliquely  with  those  from  the  next  fascicle  on  the 
same  side,  so  as  to  form  interfascicular  nerves,  while  all  the  nervilles 
of  all  the  fascicles  on  one  side  of  a  secondary  nerve,  unless  they  have 
already  joined  the  interfascicular  nerves,  meet  with  those  from  the 
near  side  of  the  next  secondary  nerve,  and  the  interfascicular  nerves, 
to  form  a  thin  sutural  nerve  (see  nature-print,  pi.  48,  fig.  2)  which, 
intermediate  to  the  secondary  nerves,  and  thin,  passes,  parallel  to  the 
latter,  completely  to  the  margin  of  the  leaf.  The  lateral  union  of  the 
outside  nerves  of  the  fascicule  and  the  junction  of  the  consequent 
interfascicular  nerve  or  of  the  remaining  nervilles  with  the  sutural 
nerve  effects  a  remarkable  type  of  very  elongated,  variable,  and 
angular  areolation,  as  is  imperfectly  shown  in  plate  45,  plate  47, 
figure  1,  plate  46,  figure  2,  and  plate  47,  figure  2.  The  position  and 
aspect  of  the  sutural  nerve  reminds  one  of  the  slightly  decurrent 
sinus  between  two  contiguous  pinnides  of  AUthopteris  serlii  or  of 
A.  grandini.  So  distinct  is  it  in  some  fragments  (pi.  48,  fig.  2)  and 
so  similar  the  union  of  interfascicular  nerves  and  nervilles  to  the 
fascicles  that  in  small  fragments  it  is  sometimes  necessary  to  look 
closely  in  order  to  ascertain  which  is  the  medial  side  of  the  lamina,  and 
which  the  secondary  nerve.  On  account  of  the  partial  maceration  of 
the  lamina  in  the  specimens  the  details  of  the  nervation  are  not  well 
shown.  It  is,  however,  sufficiently  indicated  in  plate  47,  figure  2,  and 
the  nature  print,  plate  48,  figure  2,  the  latter  figure  in  natural  size. 
The  sutural  nerve  in  these  specimens  appears  to  take  the  place  of  the 
parting  between  the  pinnules  of  CaUipteris.  In  fact  the  leaf  is  not 
greatly  unlike  a  CaUipteris  in  which  the  pinnules  are  completely  united 
and  the  nerves  confluent,  in  Goniopteria  nervation,  along  the  suture 
except  that  the  veins  of  each  fascicle  tend  to  join  the  successive  nerves 
of  the  next  fascicle  in  forming  interfascicular  nerves  which  are  tribu- 
tary to  the  sutural  nerves. 

94428°— Proc.N.M.vol.41— 11 32 

Digitized  by  VjOOQIC 


498  PR0CEEDIN08  OF  THE  NATIONAL  MUSEUM.  yol.  41. 

The  semifasciculate  character  of  the  nervilles  and  the  unique  areo- 
lation  m  our  type  of  Oigantopteris  is  indicated  very  rudely  in  one  *  of 
Schenk's  figures,  and  it  was  the  latter  illustration  which  convinced 
me  that  the  Chinese  material  is  congeneric  with  the  American,  thou^ 
the  areolation  shown  in  Schenk's  other  figures  is  quite  incompatible 
therewith  and  probably  wrong.*  The  generic  agreement  between  the 
American  and  the  Chinese  plants  is,  however,  confirmed  by  the  nerva- 
tion photographically  illustrated  by  Zeiller  from  the  fragments  col- 
lected by  the  French  expedition  in  Yun-Nan  in  western  China,  and 
referred  by  the  distinguished  French  paleobotanist  to  the  same 
species.  The  dichotomous  mode  of  division  of  the  leaf  or  frond  is 
indicated  by  the  lack  of  symmetry  in  the  large  fragments  illustrated 
by  Schenk. 

So  close  is  the  relationship  between  the  Chinese  plant  and  that  from 
Texas  that  I  was  at  first  disposed,  on  seeing  Zeiller's  figures,  to  refer 
it  to  the  same  species,  GigarUopteris  nicotiansefolia;^  but  on  further 
examination  it  became  evident  that  the  specimens  from  Fulda,  de- 
scribed above,  represent  a  distinct  species  which  I  therefore  designate 
Oigantopteris  americana.  The  latter  is  distinguished  from  the  Von 
Richthofen  plant  by  its  smaller  and  relatively  narrower  and  more 
elongated  segments,  wliich  are  comparatively  broader  at  the  bifui^ 
cations;  by  the  less  dentate  margins;  and  by  the  generally  more  open 
and  less  robust  secondary  nerves,  which  usually  are  nearly  straight  or 
sHghtly  down-turned,  instead  of  distinctly  turning  upward  as  in  the 
Hu-Nan  leaf.  The  ultimate  nervation  of  the  American  plant  is  pos- 
sibly indistinguishable  from  that  seen  in  the  small  fragments  from 
western  China,  referred  by  Zeiller  to  Schenk's  species.  The  Hu-Nan 
plant  is  evidently  much  more  robust  than  the  other,  though  one  or 
two  fragments  nearly  as  broad  as  Schenk^s  broadest  figure  were  noted 
in  the  field.  In  this  connection  mention  may  be  made  of  the  pres- 
ence, among  the  fossils  from  Oklahoma,  of  a  form  probably  specifi- 
cally different  from  that  described  above. 

One  of  the  most  interesting  specimens  in  the  collection  is  that  bear- 
ing the  small  and  probably  very  young  leaves  shown  in  plate  46, 
figure  3.  In  this  example  two  small  leaves  appear  to  have  originated 
at  the  base  of  the  petiole  of  a  larger  leaf,  on  the  left.  The  two  little 
leaves  come  together  and  their  midribs  seem  to  start  from  a  common 
point,  but  it  is  not  certain  that  they  coalesce.  It  is  important  to 
note  that  while  the  larger  of  the  two  has  a  short  naked  petiole,  the 
smaller  leaf,  which  is  bifurcate,  Uke  the  large  leaves,  seems  to  be  pro- 
vided with  a  lamina  to  the  base.  The  short  tooth-lobe  seen  on  the 
left  at  the  base  of  the  blade  in  the  larger  leaf  has  its  representation 

>  Von  Richthofen,  China,  vol.  4,  pi.  35,  flg.  6. 

)  In  view  of  the  validity  of  the  genATlc  distinction  of  the  types  I  had  in  manuscript  already  given  it  a  name 
not  preoccupied,  when  ftoin  consultation  of  Zeiller *s  paper  I  learned  of  the  name  pendled  by  Scheok  lo 
the  copy  used  by  Potonid,  as  already  mentioned. 
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in  many  large  leaves  in  which  the  tooth  is  prolonged  into  an  elongated 
lobe.  The  thick  basal  portion  of  the  secondary  nerve  of  such  an 
enlarged  lobe,  broken  away  in  exposing  the  young  leaves,  is  seen  on 
the  lower  left  of  the  leaf  fragment  shown  on  the  right  in  the  figure. 
The  downward  continuation  of  the  lamina,  as  shown  in  the  smallest 
leaf,  and  its  lobation  may  have  to  do,  I  believe,  with  the  fructifica- 
tion of  the  plant,  as  will  presently  be  explained 

None  of  the  specimens  yet  gathered  present  conclusive  evidence  as 
to  whether  the  fronds  of  GigaTUopteria,  seen  essentially  in  miniature 
in  plate  46,  figure  3,  were  borne  on  an  aerial  axis  or  stem,  an  elongat- 
ing rhizome,  or  in  tufts.  The  general  form  of  the  frond  and  the  ar- 
rangement of  the  leaves  in  the  specimen  suggest,  however,  that  they 
may  have  been  developed  along  a  prostrate  stem  or  rhizome. 

Seeds. — ^At  every  locality  where  OigarUopteris  has  been  found  in 
America  there  are  associated  with  it  numerous  flat  cordiform,  alate 
seeds  at  first  glance  suggesting  Oardiocarpon.  On  closer  examination 
the  seed,  which  is  small  and  obovate,  is  found  to  lie  in  the  slightly 
concave  face  of  a  very  broadly  round-obovate,  slightly  cuneate  and 
asymmetrical  bract,  as  shown  in  plate  49,  figure  6.  The  latter  has 
m  every  case  a  narrow  keel,  or  rib,  along  one  of  its  borders,  which 
runs  down  to  its  point  of  attachment,  as  illustrated  by  plate  49, 
figure  4.  From  the  convex  side  the  seed  appears  somewhat  thickly 
covered  by  the  wing  or  bract  substance  so  that  it  is  somewhat  dimly 
outlined  (plate  49,  figures  3, 4,  and  6) ;  but  on  the  concave  surface  it  is 
fairly  clearly  defined,  apparently  lying  beneath  a  thin  envelope,  which, 
in  a  few  cases,  as  in  the  specimen  shown  in  figure  1,  is  scaled  oflF, 
revealing  the  seed  itself,  which  appears  to  have  a  thin,  hard  test  like 
that  of  Oardiocarpon.  At  the  broader  end  of  the  seed,  which  is 
slightly  apiculate,  a  depression  or  small  zonulate  configuration,  usually 
accompanied  by  a  slight  gathering  or  puckering  of  the  "wing,"  may 
often  be  noted.  This,  which  might  casually  be  mistaken  for  a  chalaza, 
appears  to  lack  the  hardness,  fiber,  and  all  other  evidence  of  attach- 
ment to  an  axis.  It  has  the  appearance  of  a  collapsed  pollen  chamber, 
the  puckered  wing  being  susceptible  of  interpretation  as  a  micropylar 
environment.  Further,  it  is  to  be  noted  that  a  forking  vascular  sys- 
tem radiates  from  the  base  toward  the  broad  upper  end  of  the  wing 
where  the  nerves  terminate  at  the  margin.  The  origin  of  this  vascular 
system  is  clearly  seen  in  the  specimen  shown  in  figure  2,  which  is  still 
attached  to  its  axis  In  this  example  the  strands  emerging  from  the 
stem  or  pedicel  curve  into  the  base  of  the  wing,  or  bract,  some  of  the 
forking  bundles  being  clearly  seen  to  traverse  the  wing.  The  seed 
seems  originally  to  have  been  placed  in  a  somewhat  twisted  position 
on  the  axis,  the  marginal  rib  being  on  the  lower  (proximal)  side. 

The  nervation  of  the  bract- wing  of  the  seed  is  not  clear  throughout; 
but  in  most  of  the  specimens,  among  the  hundreds  found  in  the  collec- 
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tions;  it  may  be  more  or  less  indistinctly  seen  branching  radiately  in 
passing  to  the  distal  margin,  while  in  a  few  of  the  clearer  examples 
it  seems  to  anatomose  near  the  distal  border  so  as  to  form  a  mesh  like 
the  areolation  of  the  Gigantopteris  frond.  While  this  areolation  seems 
to  exist,  its  occurrence  is  not,  however,  unquestionable.  The  small 
roundish  body  showing  through  the  envelope  in  the  upper  part  of  the 
seed  may  be  interpreted  as  the  impression  of  the  megaspore. 

The  seeds  described  above  are  provisionally  referred  to  Gigantop- 
teris americana  on  account  of  their  generally  abundant  and  most  inti- 
mate association  with  the  leaves  of  that  plant  wherever  it  has  been 
found;  on  account  of  their  asymmetry  and  solitary  lateral  attachment, 
as  though  on  the  ventral  faces  of  lateral  lobes  or  modified  pinnules, 
along  a  longitudinal  axis;  and  on  account  of  the  similarity  of  texture 
and  the  apparent  though  not  indubitable  similarity  in  the  nervation 
of  the  bract-wing  to  the  lamina  and  nervation  of  Gigantopteris.  The 
characters  of  the  asymmetrical  and  unilaterally  ribbed  lamina  or 
wing-bract,  as  described  above,  strongly  suggest  a  modified  and  re- 
duced pinnule  or  secondary  pinna  of  a  fern-like  frond.  Such,  accord- 
ing to  my  iaterpretation,  it  probably  is.  Mention  has  already  been 
made  of  the  deeper  dissection  of  the  shortening  lobes  at  the  base  of 
some  of  the  large  fronds  as  well  as  in  the  young  one  shown  in  plate  46, 
figure  3.  As  to  whether,  supposing  the  seeds  to  belong  to  Gigantop- 
teris, they  were  borne  on  reduced  lobes  at  the  bases  of  the  fronds  or 
on  special  seed-bearing  pinn»  cannot  at  present  be  ascertained,  though 
it  is  perhaps  more  likely  that  they  were  distichously  and  obliquely 
placed  on  a  short,  special  rachis,  possibly  situated  in  the  axil  of  one 
of  the  fronds. 

Anticipating  that  all  doubt  as  to  the  connection  between  seed  and 
leaf  will  later  be  fxilly  removed,  I  do  not  give  any  other  name  to  this 
new  generic  type  of  seed. 

Supposed  poUeniferous  scales. — ^In  addition  to  the  seeds  which  ac- 
company the  remains  of  Gigantopteris  in  the  plant  beds  near  Fulday 
there  are  found  several  examples  of  a  peculiar  strobilus.  This  consists, 
as  shown  in  figure  4,  plate  48,  of  a  rather  thick,  short  axis  bearing 
oppositely  two  distichous  rows  of  closely  placed,  braadly  renif orm  or 
broadly  ovate-reniform  bracts,  each  about  1  centimeter  in  length. 
The  bracts,  which  stand  nearly  at  a  right  angle  to  the  plane  of  the  axis, 
partially  clasp  the  latter  in  an  obUque  direction  and  are  concavo- 
convex,  the  hollow  side  being  downward,  as  shown  in  the  figures 
(3  and  4,  pi.  48).  A  border  zone  of  the  bracts,  many  of  which  are 
found  detached,  as  shown  in  plate  49,  figure  7,  is  smooth  and  bent 
slightly  downward  to  form  a  curtain.  The  inner  portion  of  the  bract 
is  thickened,  more  fibrous,  and  provided  on  the  lower  side  with  great 
numbers  of  small  oval  pendant  sacs,  probably  for  containing  pollen, 
though  they  possibly  are  sporangia.    The  examples  seen  in  plate  49, 


Digitized  by 


Google 


NO.  1873.  CHARACTERS  OF  OIGANTOPTERIS— WHITE.  501 

figure  7,  show  the  convex  surface  of  the  bracts  with  impressions  of  the 
sacs.  The  latter  are  shown  in  profile  in  figure  4,  plate  48.  The 
detailed  structure  of  the  sac  is  not  clear,  but  each  seems  to  be  some- 
what obliquely  and  separately  seated,  the  vent  being  an  apical  or 
slightly  obliquely  placed  pore. 

In  many  of  the  detached  bracts  a  radiate  nervation  is  indistinctly 
shown;  but  in  the  bract  shown  in  natural  size  in  plate  48,  figure  5, 
nerves  radiate  fasciculately  from  the  asymmetrically  placed  central 
strand.  In  another  very  small  and  immature  specimen,  shown  in 
plate  47,  figure  3,  and  enlarged  in  figure  4,  the  nervilles  appear  to 
anastomose  in  a  greatly  elongated  mesh  comparable  to  that  observed 
in  the  fronds  already  described.  The  bilateral  arrangement  of  the 
bracts  and  their  distinctly  fern-like  nervation  leave  little  doubt  as  to 
their  filicate  or  cycadofiUc  nature.  The  relation  of  the  strobiles  to 
Gigaivtopteris  is  made  still  more  probable  by  the  agreement  in  the 
peculiar  texture  and  aspect  of  the  residue.  I  therefore  have  little 
hesitation  in  referring  these  interesting  strobih  to  the  genus  Gigan- 
topteris.  Whether  the  sacs,  whose  position  and  environment  are  so 
much  like  the  pollen  sacs  of  Noeggeradiia,  are  really  pollen  sacs, 
remains  in  some  doubt;  but  if  the  associated  seeds,  described  above, 
also  belong  to  this  type,  as  I  beUeve  them  to,  the  bracts  bear  the 
pollen  sacs  (anthers)  of  the  plant,  which  must  be  placed  with  the 
cycadofiUces  (pteridosperms) .  In  the  latter  case  the  strobiles  compose 
bilateral  spikes  of  the  male  flowers  of  Gigavtopteris. 

Mention  has  already  been  made  of  the  lobation  of  the  narrowing 
lamina  in  some  of  the  leaf  fragments  collected.  Several  of  the  latter 
have  lobes  that  seem  to  approach  the  specimen  shown  in  figure  5, 
plate  48,  in  characters;  but  while  they  are  interesting  as  illustrating 
reduction  of  the  lamina  in  the  broad  portions  of  some  of  the  fronds, 
they  do  not  appear  to  justify  the  conclusion  that  the  polleniferous 
(sporif erous  ?)  bracts  of  the  plant  were  thus  produced,  though  such 
was  perhaps  the  case.  The  aspect  of  the  strobih  and  the  characters 
of  the  relatively  slender  rachis  suggest  a  position,  possibly  axillary, 
on  the  stem  of  the  plant. 

ASSOCIATED   SPECIES  AND  AGE  OF  THE  GIGANTOPTERIS-BEARING 

BEDS. 

Asiatic  distrihudon, — ^The  fossils  collected  from  the  anthracite 
mine  at  Lui-pa-Koti,  the  type  locality  of  Gigaittopteris,  in  the  Province 
of  Hu-nan,  as  described  by  Schenk  *  are: 


1.  Annularia  maxima  Schenk. 

2.  CalamiteSj  sp. 

3.  Neuropteris  flextiosa  Sternberg. 

4 .  Neuropteria  anguatifolia  Brongn  iart . 

5.  Cyatheites  unilua  Brongniart. 


6.  Cyatheites  miltojii  Goeppert. 

7.  Megalopteris  nicoHanaefolia  Schenk. 

8.  Lepidophyllum,  sp. 

9.  CordaiUs  principalis  Geinitz. 


I  China,  vol.  4,  1883.  pp.  230-239. 
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Several  of  the  above-named  plants  were  obviously  wrongly  identi- 
fied by  Schenk,  whose  paleobotanical  experience  had  been  liniitcHi 
almost  entirely  to  the  floras  of  the  Mesozoic.  According  to  his  deter- 
minations of  the  fossils  the  flora  should  have  been  referred  to  the 
Allegheny  or  uppermost  Pottsville.  These  species  will  be  further 
consider^  together  with  the  plants  from  Yun-Nan. 

The  small  collections  made  by  the  French  expedition  in  southern 
Yun-Nan,  and  described  in  1907  by  Zeiller/  are  from  three  localities, 
(1)  Tou-Tza,  (2)  Sini-Si-Keuou,  and  (3)  I-Ioui-Chao.  The  species, 
with  their  occurrence  indicated  by  the  above  ordinal  numbers, 
together  with  references  to  Zeiller's  figures,  are  as  follows: 


TaeniopteriSy  sp.,  3  (figs.  12,  13). 

Tseniopteris^y  sp.,  3. 

Gigantopteris  nicotiansefoUay  1,  2,  3  (figs. 

14, 15, 15*,  16). 
Cf.  Annvlaria  maxmay  1  (fig.  17). 
Stigmariay  sp.,  3  (fig.  18). 


Pecopteris  (Cladophieln87)y  sp.,  1  (fig.  6). 

PecopteriSy  gp.,  3  (fig.  8). 

Pecopteris  {Callipteridium*i)y  sp.,   3   (fig, 

7, 7a).         . 
Neuropteridiumy  cf .  bergensey  1, 3  (fig.  10). 
Neuropteridium,  sp.,  2  (fig.  9). 
TamiopteriSy  sp.,  2. 

In  connection  with  his  identification  of  the  Yun-Nan  fragment 
with  Schenk's  AnnvJaria  maxima^  Zeiller  points  out  that  it  belongs  to 
a  different  and  probably  new  genus.     However  that  may  be,  it  is 
interesting  to  note  that  the  pecuUar  type  figured  by  Zeiller  seems  to 
be  exactly  represented  by  several  fragments  in  the  Texas  collections, 
Schenk's  Catamites  suggests  the  forms  with  very  wide  ribs  figured  by 
Kutorga  and  Eichwald  from  the  Russian  Permian.     His  Neuropteris 
Jlexuosa  belongs  apparently  to  the  N.  planchardi  group,  and  is  com- 
pared by  Zeiller  with  N.  matheroni.     It  is  somewhat  suggestive  also 
of  the  leaflets  figured  by  Zeiller  as  Neuropteridium.    The  pinnules 
wrongly  placed  by  Schenk  under  Neuropteris  angusHfolia  appear  to 
represent  an  undescribed  species  from  beds  a  little  below  the  Wreford 
Umestone  in  southern  Kansas.     Also  the  fragment  of  distinctly  Meso- 
zoic aspect  figured  by  Zeiller  as  Pecopteris,  sp.,  appears  indistinguish- 
able from  Uke  fragments  found  near  the  horizon  of  the  Winfield  form- 
ation in  Kansas,  as  well  as  with  Gigantopteris  near  Fulda,  Texas. 
Schenk's  pinme  erroneously  placed  in  Cyatheites  miltoni  and  C.  unitas 
also  have  their  counterparts  in  the  Western  States,  though  they 
probably  are  not  confined  to  the  Permian  of  that  region.     His 
LepidophyUum  is  generically  unrecognizable,  but  his  Cordaites  princi- 
palis probably  agrees  with  the  specimens  referred  to  that  species  in 
both  Europe  and  America.     It  is  somewhat  characteristic  of  the 
Permian. 

A  Cladophlebis-like  Pecopteris,  possibly  identical  with  that  shown 
by  ZeiDer,  is  present  in  the  Texas  Permian,  where  also  is  to  be  found 


>  R^sultats  do  la  Mi«4on  gtoioglque  et  mini^re  da  Yunnan  meridional  (Septembre  lOOS-Janvier  1904); 
Note  8ur  quelques  emprdntes  v^^^^^tales  des  gltcs  do  charbon  du  Yunnan  meridional,  par  R.  Seller,  Ann. 
d.  Mines,  Paris,  ser.  10,  vol.  11, 1007,  p.  447  et  seq.,  pi.  14. 
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a  form  of  Tseniopteris  apparently  indistinguishable  from  that  seen 
in  Zeiller's  figure  12.  A  type  of  Stigmaria  with  very  small  areolos 
very  similar  to  that  illustrated  from  western  China  is  present  in 
the  Kansas  Permian,  and  has  also  been  found  by  Zeiller^  in  the 
collections  from  Shansi,  and  by  Zalessky  ^  in  the  material  from 
Jantai,  near  Mukden  in  Manchuria. 

From  the  foregoing  it  will  be  seen  that  five,  and  possibly  eight, 
of  the  species  found  associated  with  Gigantopteris  in  the  small  col- 
lections from  Hunan  and  Yun-Nan  are  present  in  the  Permian  of 
Kansas,  Oklahoma,  and  Texas.  It  is  particularly  interesting  to 
note  the  presence  of  the  singular  types  illustrated  as  PecopteriSj 
sp.,  Annvlaria  maximay  and  Tssniopterisj  sp.,  in  association  with 
Giganiopteris  in  Texas.  The  latter  seems  to  be  relatively  abundant 
wherever  it  is  present.  On  account  of  the  distinctly  Mesozoic  aspect 
of  Gigantopteris  and  several  of  the  other  associated  plants  the  flora 
from  both  Yun-Nan  and  Hunan  was  regarded  by  Zeiller  as  probably 
middle  or  lower  Triassic,  a  correlation  supported  by  the  presence 
of  an  upper  Triassic  fauna  in  the  superior  limestones,  and  of  lower 
Permian  invertebrates  in  the  limestones  below  the  red  sandstones 
that  imderlie  the  plant-bearing  horizon  at  one  of  the  Yun-Nan 
localities.  The  comparison  of  the  Chinese  floras  with  the  material 
now  in  hand  from  the  Permian  of  the  Texas-Kansas  region  shows 
that  the  Chinese  horizons  are  in  the  lower  Permian. 

As  representing  other  horizons  which  are  probably  not  far,  at 
most,  below  the  Permian  mention  may  here  be  made  of  the  collections 
described  by  Schenk*  in  the  provinces  of  Sheng-King  and  Shansi; 
by  Abbado*  and  Zeiller  from  Shansi;  and  by  Zalessky*  from  tlie 
Jantai  mines  in  Manchuria.  None  of  these  collections  is  large, 
yet  they  have  sufficient  in  conmion  to  show  that  they  do  not  differ 
widely  in  age. 

Among  the  more  interesting  species  collected  by  Von  Richthofen 
at  ''P5nn-hsi-hu  in  Liau-tung''  (Liao-tung)  in  Sheng-King  are  a 
Neuropteris,  possibly  identical  with  N,  matJieroni,  Tseniopteris  multi' 
nerviSf  a  PterophyUum-like  fragment,  and  the  Sarruiropsis  affinis, 
which  probably  belongs  to  the  type  of  gymnospermous  seed  known 
as  AratLcarites,  Several  of  the  associated  filicoid  t3T)es,  of  cosmopoli- 
tan aspect,  from  ''Ponn-hsi-hu''  occur  in  the  meager  collection  in 
Schenk's  hands  from  the  anthracite  field  of  "Tsing-Pu-Shan,"  in 
southeastern  Shansi.  The  Tseniopteris  multinervis,  which  in  Europe  is 
unknown  below  the  Permian,  was  figured  by  Abbado  from  ''To- 
Jouan-fu,"  where  it  is  associated  with  Lepidodendron  ocfoLis-felis,  a 

1  Ann.  d.  Mines,  Paris,  ser.  9,  vol.  29,  1901,  pi.  7,  fig.  88. 

s  Verhandl.  kais.  rassisch.  mineral.  Qesell.,  ser.  2,  vol.  42,  1906,  p.  399. 

s  China,  vol.  4,  1883,  p.  211. 

«  Paleontographica  ItalJca,  vol.  6,  1899,  p.  125. 

•  Verhandl.  kais.  rassisch.  minend.  OeseU.,  ser.  2,  vol.  42, 1906,  p.  885. 
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type  peculiar  to  this  series  in  China,  and  several  other  insufficiently 
illustrated  plants,  including  Sphenopterids,  suggestive  of  the  delicate 
forms  in  the  Dunkard  group  in  America. 

The  fragmentary  flora  from  Jantai  comprises  forms  referred  by 
Zalessky  to  Odontopteris  reichiana,  CaUipteridium  gigas,  Pecopteris 
cyathea,  Oordaites  principalis,  and  Plagiozamites  plancJiardi,  all 
characteristic  of  the  lower  Permian  or  highest  coal  measures  of 
Europe,  in  company  with  Lepidodendron  ocuUs-felis,  and  the  small 
form  of  Stigmaria  already  mentioned.  The  flora  of  this,  the  nearest 
of  the  Asiatic  localities  to  the  American  Continent,  is  clearly  near 
the  Permian-Pennsylvanian  border  line  as  pointed  out  by  Zalessky, 
while,  as  already  remarked,  the  floras  from  Shansi  and  Sheng-Bang, 
which  are  regarded  by  paleobotanists  as  approximately  contem- 
poraneous, can  not  be  much  older;  they  are  certainly  uppermost 
Stephanian,  if  not  actually  basal  Permian.  Those  paleontologists 
and  geologists  who  regard  the  upper  part  of  the  Commentry  series 
in  France  as  Permian  can  have  no  doubt  as  to  the  reference  of  dl 
these  plant  beds  to  the  latter  epoch. 

From  the  foregoing  it  seems  probable  that  the  most  important 
coal-producing  series  in  the  Paleozoic  of  China  and  Manchuria  are 
referable  to  the  lower  Permian  and  perhaps  the  uppermost  Stephan- 
ian, there  being,  as  in  the  western  interior  and  the  Appalachian 
basin  of  North  America,  no  distinct  discordance  between  the  beds 
of  the  two  epochs. 

According  to  my  interpretation  the  genus  Oigantopieris  is  not 
closely  related  to  any  known  Paleozoic  type.     Its  nearest,  though 
perhaps  very  distant,  relatives  are,  I  believe,  to  be  found  in  the 
fossils  described  by  Morris  as  Pecopteris  goepperti,  really  a  CaUipteris, 
from  the  Permian  sandstones  near  Bielebei  in  the  Urals.     In  fact 
some  of  the  Russian  fossil  fragments,  such  as  those  shown  in  figures 
2*>  and  2<^,  on  plate  A,  of  the  Gfiologie  de  la  Russie,*  or  the  illustrations 
comprising  figures  1^,  1«  and  1®  on  plate  F  of  the  same  ^eat  work, 
have  so  much  in  common  with  our  genus,  not  only  as  to  form  but 
also  as  to  the  aspect  of  the  nervation,  that,  had  not  Brongniart 
described  the  nerves  as  nonanastomosed,  a  reexamination  of  the 
type  material  would  be  suggested  in  order  to  ascertain  whether, 
notwithstanding  the  apparent  unity  of  the  succession  to  the  CaUipteris 
type  of  pinna  shown  in  the  other  illustrations,  some  of  the  specimens 
submitted   to   Morris   and  Ad.  Brongniart  may  not  really  belong 
to  the  Oigwniapteris  type.     Before  passing  it  may  be  remarked  that 
the  western  American  collections  seem  td  contain  two  or  three 
Uralian  Permian  forms  not  yet  known  in  western  Europe  or  eastern 
North  America. 

1  MurchisoD,  Verneuil,  and  Keyaerling,  Qtelogie  de  la  Russie  et  des  Hontagnes  de  rOuml,  vol.  2,  pt  3, 
1845,  pp.  1  and  6. 
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The  Texas  flora, — In  Texas  the  major  part  of  the  Carboniferous 
system,  as  divided  by  the  State  geological  survey,  consists,  in 
ascending  order,  of  Millsap,  containing  Mississippian  invertebrates; 
Strawn,  which  includes  conglomerates  and  coals  of  upper  Pottsville 
Gower  Pennsylvafiian)  age;  Canyon,  mainly  marine  calcareous  beds; 
Cisco,  a  coal-bearing  formation  from  which"  a  very  few  plants,  prob- 
ably of  Monongahela  age,  have  been  obtained;  Albany,  Wichita, 
Clear  Fork,  and  Double  Mountain.  The  latter  is  unconformably 
overlain  by  the  Triassic  Dockum  formation.^  The  Wichita  forma- 
tion has  been  stratigraphicaUy  proven  by  Adams,  Cummins,  and 
Gordon  to  grade  horizontally  into  the  "Albany,"  of  which  it  repre- 
sents at  least  the  upper  and  greater  part,  the  red  and  variegated 
sandstones  and  shales  of  the  former  being  gradually  replaced  to 
the  southward  by  the  limestones  of  the  latter.  The  general  geology 
of  the  Wichita  formation  has  been  recently  summarized  by  Gordon,^ 
and  the  history  of  paleontological  discovery  and  of  opinions,  which 
until  very  recently  have  been  somewhat  conflicting,  as  to  the  age 
of  the  beds,  have  been  weU  reviewed  by  Beede.*  The  Wichita 
formation  is  now  r^arded  by  aU  paleontologists  as  lower  Permian, 
at  least  in  the  broad  sense  (including  Artinsk)  in  which  that  term 
is  generally  employed  in  western  Europe  and  America. 

The  "breaks"  south  of  Little  Wichita  River,  4^  miles  southeast  of 
Fulda,  i.  e.,  the  locality  from  which  the  Oigantopteris  specimens  here 
described  were  obtained,  is  some  distance  above  the  base  of  the 
Wichita,  though  the  interval  has  not  been  determined.  A  stratum 
in  the  Missouri,  Kansas  &  Texas  Railway  cut  1  mile  west  of  Henrietta, 
supposed  to  be  much  lower  than  the  Fulda  plant  bed,  yielded  a  small 
flora  containing  Walchia  and  Tseniopteris. 

Another  locality,  "Castle  Hollow,"  2^  miles  south  of  Fulda,  is 
stratigraphicaUy  so  near  the  level  of  the  main  Fulda  plant  bed  that 
its  species  will  be  associated  with  the  others  in  the  following  provi- 
sional list  of  the  fossils.  It  must,  however,  be  distinctly  borne  in 
mind  that  the  identifications  in  this  list  are  based  on  a  preliminary 
examination  only  and  that,  though  of  value  and  interest  as  closely 
indicating  the  character  of  the  flora,  they  are  not  in  all  cases  final. 

Preliminary  List  of  the  Fossils  from  the  Main  Plant  Bed  (if),  and  **  Castle  Hollow^* 

(H),  near  Fulda,  Texas. 


Diplothmema,  sp.?,  M. 
Pecopteris  arborescens,  H. 
Pecopteris  hemitelioides,  H,  M. 
Pecopteris  densifolia?,  H. 
Pecopteris  tenmnervis,  M. 
Pecopteris  grandifolia,  M,  H? 


Pecopteris,  sp.,  M. 

Aphlebia,  ep.,  H.- 

Odontapteris  neuropteraides,  M. 

Odantopteris  ftscheri?  M. 

Oigantopteris  atneHcana,  My  H. 

Neuropteris  cf.  lindahli,  H. 


iSee  Cuminiiis,  Tex.  Acad.  SoL,  1807,  pp.  9»-98. 

Uoum.  GeoL,  vol.  10,  1011,  p.  110. 

s  Kaofl.  Univ.  Scl.  BuU.,  vol.  4,  No.  3, 1907. 
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Neuropteris  cordata7y  M. 
Tfeniopteris  nnUtinervis^  H,  M. 
TwwUypteris  abfiormis,  M. 
Tasniopteris  coHacea?,  M. 
Taeniopteria,  new  species,  M. 
Annularia  spicata,  H. 
AnnulaHa?  maayima^  M. 
SphenophyUum  obovatufn,  M. 
Sphenophylluml,  sp.,  H. 
Sigillariaj  sp.,  M. 

Siffillariostrobus  hastatus^  H. 
Cordaites  cf .  principalis^  M. 
Poaeordaiteft  cf.  fenuifoliuSf  M. 


Walchia  pinifarmis,  M. 
Walchia  schneiderif^  H. 
Gomphagtrohus  bifidiM,  H. 
Gamphostrobus?  sp.,  M. 
Aspidiopsis,  sp.,  M.  . 
Araucarites,  new  species,  M,  H. 
CarpolitheSt  sp.,  H. 
Insect  wings,  M. 
^nt^roooma,  M. 
Estheria,  M.  H. 
Ostracods,  M,  H. 
Fish  scales,  M,  H. 


As  will  be  noted  on  examining  the  above  list,  nearly  all  the  species 
are  found  in  the  Permian  of  Europe  or  America.  The  species  pijnted 
in  boldfaced  type  are  characteristic  of  the  Permian.  The  beds  are 
clearly  of  lower  Permian  age. 

The  red  and  green  sandstones  three-fourths  mile  east,  and  the  beds 
of  similar  character  about  4  miles  southeast  of  Electra,  Texas,  con- 
tain great  numbers  of  GigarUopteris  mingled  with  Tseniopteris.  In 
this  part,  regarded  by  Gordon  *  as  near  the  top  of  the  Wichita  forma- 
tion, surviving  "Coal  Measures"  ferns  have  not  yet  been  found. 

Several  small  fragments  of  Gigantopteris  which  were  many  years 
ago  transmitted  to  the  United  States  National  Museum  *  from  Fort 
Concho,  near  San  Angelo,  Tom  Green  County,  Texas,  were  examined 
by  Leo  Lesquereux,  who  wrote  on  the  label  "Peculiar  fern  quite 
unknown  to  me."  The  fragments  probably  represent  a  new  species 
of  the  genus. 

The  OTchJioma flora. — The  Wreford  limestone,  which  by  the  Kansas 
University  Geological  Survey  is  made  the  base  of  the  Permian,'  is 
said  to  be  replaced  to  the  soutliward  by  arenaceous  beds  to  which 
the  name  Payne  has  been  applied  by  Kirk.^  Above  this  sandstone 
the  Permian  of  Oklahoma  is  laigely  composed  of  red  sandstones  and 
shales.  Fossil  plants  were  collected  from  this  series  at  two  localities 
in  the  State:  1.  About  2  miles  north  of  Perry,  in  chocolate-red  and 
greenish  grits  regarded  by  Gould  as  probably  near  the  horizon  of  the 
Winfield  formation  of  Kansas;  2.  The  McCann  quarries  in  the  red 
sandstone  about  2  miles  east  of  Eddy,  in  Kay  County.  The  latter 
point,  which  is  well  up  in  the  Enid  formation,'^  is  also  known  as  the 
source  of  some  of  tlie  fossil  vertebrates  described  by  Prof.  S.  W. 
Williston. 

»  Joum.  GeoL,  vol.  19, 1911,  p.  114. 

«  U.  S.  Nat  Mus.,  Ace  7255. 

«  Kept,  vol.  9, 1908,  p.  77. 

*  Oklahoma  Dept.  Oeol.  and  Nat.  Hist.,  3d  Bleu.  Rept.,  1904,  p.  9. 

»  U.  S.  Geol.  Sarv.,  W.  8.  Paper  154, 1906. 
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Provisional  List  of  the  Fossil  Plants  from  Perry  (P)  and  Eddy  (E)y  Oklahoma. 


EqaiseliteSy  sp.,  E. 
Annuhria  stellatay  P. 
Sphenaphyilum  ohovatum^  E. 
Sphenophyllutn  cf.  latifoliutn,  P. 
SplienaphyUutn  staukeiibergi?  P. 
Sigillaria,  sp.?,  P,  E. 
Walchia  imhricata?  P. 
Walchia  cf.  grcu^ilis,  E. 
Araucarites,  sp.,  P,  E. 
Carpolithes,  E. 


Diplothmema  pachydermaf  E. 
Pecopteris  cyatheay  P. 
Pecopteris  geinitzi,  P.     ' 
CalliptefHs,  sp.,  E. 
CHgantopteris  ameiricafiaf  E.  P. 
Odantopterift  ef.  pemiiensUt,  E. 
NeuropteriSf  sp.,  E. 
Tceniopteri^  tnvUinerviSf  P.  E. 
Tasniopteris  abnortniH,  P. 
Tceniapteris,  sp.,  E. 
Dolerophyllumfy  sp.,  E. 

All  the  species  quoted  above  occur  in  beds  regarded  as  Permian  in 
the  Old  World,  except  two,  one  of  which,  SphenophyUum  ohovatum, 
is  present  in  the  Permian  of  Kansas  (Wellington  formation),  while  the 
Diplothmema  is  found  in  the  Dunkard  of  West  Virginia.  Several  of 
the  Perry  species  that  are  known  also  to  occur  in  the  Pennsylvanian 
have  not  been  found  in  the  higher  horizon,  at  Eddy.  The  smaller 
number  of  filicoid  survivors  in  this  flora  as  compared  with  the  Fulda, 
Texas,  flora  is  perhaps  due  to  the  less  distinctly  marsh  habitat  in 
which  they  grew  and  were  buried.  The  AratLcarites  gcale-fruit  is 
identical  in  both  regions.  As  in  the  preceding  list  the  types  distinctly 
characteristic  of  the  Permian  are  printed  boldface. 

It  is  interesting  to  note  the  probable  presence  in  the  Oklahoma 
Oigantopteris  ^  association  of  a  SphenophyUum  and  an  Odontopteris 
hitherto  unknown  except  in  the  UraUan  region.  The  fragments  of 
Tseniopteris  and  Gigantopteris  are  very  abundant  in  some  of  the  sand- 
stones at  both  locaUties.  The  evidence  for  the  lower  Permian  age  of 
these  two  Oklalioma  plant  beds  needs  no  further  discussion  in  this 
place. 

The  Kansas  Permian  plants, — The  fossil  plant  materials  here 
reported  for  the  first  time,  in  a  preUminary  way  and  with  provisional 
determinations  of  the  species,  were  mostly  collected  in  the  course  of 
two  short  paleobotanical  reconnoissance  excursions  for  the  purpose 
(1)  of  securing  fossil  plant  evidence  of  a  decisive  nature  relating  to 
the  mooted  question  of  the  age  of  the  Chase  group  and  Summer  group 
in  Kansas,  and  of  thp  Wicliita  formation  in  Texas;  and  (2)  to  procure, 
if  possible,  fossil  plants  in  the  Rocky  Mountain  region  from  the  great 
"red  beds*'  series,  over  6,000  feet  in  thickness,  the  age  of  the  greater 
part  of  which  has,  on  account  of  failure  to  yield  fossils,  been  largely 
the  subject  of  mere  supposition.  On  account  of  the  interesting  light 
some  of  the  forms  collected  throw  on  the  distribution  of  a  number  of 
plants  characteristic  of  the  Uralian  region  or  of  western  Europe  I 

I  The  discovery  of  OigaiUoptcrift  !■  Oklahoma,  at  i^erry,  is  due  to  the  geological  interest  of  Mr.  L.  L. 
HutchisoD,  of  that  place. 
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venture  here  to  include  several  lists  of  the  provisional  identifications 
made  in  the  course  of  a  brief  preliminary  examination  of  the  material. 
Full  elaboration  of  the  fossil  specimens  is  postponed  until  additional 
collections  may  be  made  covering  a  wider  stratigraphic  as  well  as 
geographic  range. 

The  "Big  Blue  series"  in  which  Prosser^  classed  the  Permian  of 
Kansas  consists  of  (1)  the  Chase  group,  beginning  with' the  Wreford 
limestone  and  ending  with  the  Winfield  formation,  and  (2)  the  over- 
lying Sumner  group,  markedly  gypsiferous,  and  composed  of  the 
Marion  and  Wellington  formations. 

For  accounts  of  the  numerous  pre-Permian  formations  and  the 
description  of  the  seven  formations  of  the  Chase  group  as  well  as  of 
the  two  in  the  Sumner  the  reader  is  referred  to  the  ninth  volume  of 
the  Reports  of  the  Kansas  University  Geological  Survey,  published 
in  1909. 

Fossil  plants  were  collected  by  me  from  the  Wreford  limestone 
west  of  Reece  (R) ;  from  shales  near  the  Winfield  formation  northeast 
of  Washington  (W);  and  from  the  Wellington  formation  south  of 
Banner  (B),  and  Carlton  (C),  and  east  of  Salina  (S).  For  the  sake 
of  brevity  the  names  are  combined  in  one  list  in  which,  by  referring 
to  the  letters,  the  floras  of  the  several  localities  '  and  formations  may 
be  integrated. 

Liit  of  Species  Provisionally  Identified  from  the  Permian  of  Kansas. 


Schizapteris  of.  tricItomanaideSf  W. 
Pecopteris  unita,  W. 
Pecapteria  pinnatifida^  W. 
Pecapt'Cris  cf .  geinitzii,  W. 
Pecopteris  hemitelioides,  W. 
Pecopteris  hucklandi?  W. 
Pecopteris  polymarpha,  W. 
Scciecapteris  elegans,  C. 
dadaphUbis  cf.  tenuis,  C. 
CaUipteris  conferta,  W,  C. 
CkUlipteris  subauriculata,  S,  G,  B. 
CcUlipteris  cf.  curretiensis,  G. 
CaUipteris  ctjutieri,  R. 
CaUipteris  cf .  goepperti,  R. 
CaUipteris  oxydataf  S. 
CaUipteris  whitei,  B. 
CaUipteris  lyratifolia?  S. 
CaUipteris  cf.  scheibei,  B. 
Odontopteris  brardii  W. 
Odontopteris  minor,  W. 
Olenopteris  splendens,  B,  G. 
Olenopteris  lineata,  B. 
Olenopteris  sterlingif  B,  G. 
Olenopteris  lobiUa,  G. 
Neuropteris  auriculata?  W. 


Neuropteris  odontopteroides,  W. 
Neuropteris  scheuckseri,  var.,  W. 
Neuropteris  permiana,  W. 
Taeniopteris  mtUtlnervis,  W. 
Taeniopteris  coriacea,  B,  G. 
Taeniopteris  coriacea,  var.  linea- 

ris,  B,  G. 
Sphenophyllutn  ohovatum,  G,  B. 
SphenophyUum  cf.  stouketibergi, 

W. 
SphenophyUum  cf .  tlionii,  W. 
SigiUariostrohus  liastatus,  R. 
NoeggercUkia?  new  speciee,  B. 
Cycadospadix?  sp.,  G. 
Cordaites  principalis^  R. 
Po€icordaites  linearis?  G. 
Walchiapini/armis,  R. 
Walchia  cf.  fllicifomiis,  R. 
Walchia,  ep.,  G. 
Voltzia,  Bp.  G. 
UUmannia?  sp.,  G. 
SchiUzia?  cf .  anom€Ua,  R. 
Araucarites?  sp.,  G. 
Rhabdocarpos,  new  species,  R. 
Carpolithes,  sp.,  S.  B. 


1  Joorn.  OeoL,  vol.  10,  pp.  703-737. 

*  For  exact  descriptions  of  the  localities  and  for  cxoeileot  desolptioBs  of  many  of  the  species,  see  tbe  paper 
by  E.  H.  SeUards  in  the  State  Snirey  volume  dted. 
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All  the  specifically  identified  plants  in  the  above  list  are  found  in 
beds  referred  to  the  Permian  in  their  respective  provinces,  most  of 
them  being  European.  The  species  and  types  in  bold  face  are 
diagnostic  of  the  Permian. 

An  inspection  of  the  rather  short  list  from  the  Wreford  limestone 
reveals  a  flora,  most  of  whose  species  are  characteristic  of  the  Permian, 
a  small  percentage  only  being  conoimon  to  the  ''Coal  Measures."  It 
is  in  fact  somewhat  surprising  to  note  so  few  pre-Permian  forms  in 
this  flora.  On  the  other  hand,  at  the  Washington  locaUty,  the 
horizon  of  which  is  near  the  Winfield  formation,  a  considerable 
number  of  Pennsylvanian  survivors  are  present  in  the  Carbonaceous 
muds,  evidently  the  remains  of  an  old  swamp  where  they  seem  to 
have  found  refuge,  perhaps  making  their  last  stand.  But  even 
these,  nearly  every  one  of  which  survived  in  the  Permian  of  the  Old- 
World,  are  accompanied  by  a  sufficient  number  of  characteristic 
European  Permian  types  clearly  to  show  the  Rothliegende  age  of  the 
beds.  The  more  ample  material  therefore  confirms  the  conclusions 
reached  by  Sellards,^  and  substantiates  the  early  opinions  expressed 
by  the  present  writer.' 

The  Wellington  flora  is  characterized  by  an  abundance  of  Col- 
lipteris  forms  and  by  great  nmnbers  of  Tdeniopteris  and  Olenopteris,  to 
which  are  added  types  probably  referable  to  UUmannia,  VoUzia, 
and  Araiuxirites.  The  singular  fronds  of  Olenopterisy  doubtless  a 
CycadofiUc,  have  many  points  of  similarity  to  the  Mesozoic  Oyca- 
dopteris  and  Lomatopteris,  as  has  been  pointed  out  by  Sellards. 
The  relatively  simple  form  of  the  leaves  and  the  thick  leathery  texture 
are  xerophytic  characters  strongly  suggestive  either  of  long  dry 
seasons  or  a  climate  more. arid  in  general  than  that  of  the  earlier 
series. 

The  Colorado  flora. — ^In  Colorado  the  search  for  plants  in  the  ''Red 
Beds''  was  confined  to  two  points:  Fairplay  and  the  Canyon  of  the 
Arkansas  River  below  Salida.  At  the  former  locality  an  unsuccessful 
effort  was  made  to  rediscover  the  point  at  which  Prof.  Arthur  Lakes 
in  1883  collected  plants  and  insects. 

Plants  were  located  by  myself  in  buff  and  dark  Carbonaceous 
shales  nearly  4  miles  southwest  of  Fairplay,  the  locality  and  horizon 
being  not  far,  as  subsequently  ascertained,  from  the  plant  bed  dis- 
covered by  Professor  Lakes. 

It  wiU  be  remembered  that  the  early  collection  was  placed  in  the 
hands  of  Lesquerdux,  and  the  insects  were  submitted  to  Scudder. 
The  former  ^  pronounced  the  beds  Permian,  while  the  latter  *  adjudged 
them  to  be  Triassic,  and  so  confidently  and  emphatically  reiterated 

»  Kana.  Univ.  Quart.,  vol.  9, 1900,  p.  179.    Report  Kans.  Univ.  (Jeol.  Surv.,  vol.  9, 1909,  p.  462. 
«  Bull.  211,  U.  S.  Geol.  Surv.,  1903,  p.  117. 

*  Bull  Mua.  Conip.  ZoOI.  Harvard  Univ.,  vol.  7, 1883,  p.  244. 

*  Mem.  Boston  Soo.  Nat.  Hist.,  vol.  4,  No.  13, 1890,  p.  467. 
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the  Triassic  correlation  that  the  bed  has  become  known  as  an  impor- 
tant source  of  Triassic  insects  in  America.  A  portion  at  least  of  the 
material  examined  by  Lesquereux  now  rests  in  the  Lacoe  collection 
in  the  United  States  National  Musemn.  Probably  it  belongs  to  a 
horizon  somewhat  higher  than  the  fossils  collected  by  myself.  I 
therefore  designate  the  Lesquereux  species  A,  those  collected  by 
myself  being  marked  B  in  the  following  list: 

Provisional  List  of  Plants  from  Fair  play ,  Colorado. 


Neuropteris  awriculata  Germar,  B. 
CkUaniites  kui^yrgae?  B. 
Splienophyllutn  obovtUutn  SellardB, 

B. 
Sigillaria?  sp.,  B. 

8i{fiUario8trohti8  hastatus^  A,  B. 
PoacordaiteSy  sp.,  A. 
Wdlchia  piniformis  (Schlotheim), 

A,  B. 
Walchia  hypnaides.  A,  B. 
WcUchia  gracilis?  A. 
UUtnannia,  sp.,  A,  B. 
Vfdtzia,  ep.,  A. 
Araticarites,  sp.,  A,  B. 
€knnpho9trobti8  bifldiis,  B. 


Sphenopterls  schintperianu?  B. 
Sphenopteris  lebachensis  Weiss,  A. 
Sphenopteris  dentata  F.  and  I.  C.  W.,  A. 
Splienopteris  gutzholdi  Gutbier,  A. 
J^ecopteris  pinnatiflda  Gutbier,  B. 
Pecopieris   foeminaeformis    (Schlotheim) 

Zeiller.,  A. 
Pecopieris  arborescens  (Schlotheim)  Bron- 

gniart,  B. 
Pecopieris  (Danaeites  Gdppert),  sp.,  B. 
Scolecopteris  elegafis  Gutbier,  B. 
CaUipteris  of.   hymenaphyUMdes 

Weiss,  A. 
CkUlipteris  of.  lyratifolia  (Gdppert), 

B. 
Odontopteris  svhcrenulaUi  Rost,  B. 

As  in  previous  lists,  the  types  distinctly  indicative  of  Permian  age 
are  in  boldface  type.  All  of  the  forms  that  occur  in  rocks  of  Pennsyl- 
vanian  age  have  also  been  found  in  formations  regarded  by  aU  as 
Permian.  The  evidence  of  the  Sphenopteris,  the  CaUipteris,  and  of 
the  gymnosperms  leaves  little  room  for  doubt  that  this  flora  is  of 
Permian  age,  probably  Rothliegende. 

In  the  Canyon  of  the  Arkansas  near  Wellsville  Station  a  lower 
group  of  sandstones,  limestones,  and  thin  coals  contains  fossil  plants 
of  Pottsville  age.  This  belt  of  basal  Pennsylvanian  rocks  in  similar 
composition,  with  coals  and  similar  plants,  appears  to  extend  from 
the  region  of  Pecos  City,  New  Mexico,  northward  to  the  vicinity  of 
Manitou,  Colorado,  and  probably  farther.  It  is  unconformable,  at 
least  locally,  on  older  formations.  A  thin  series,  largely  limestone, 
which  follows  next  at  Wellsville,  verges  rapidly  into  the  "Red  Beds" 
series.  The  latter  carries  lower  "Coal  Measures"  plants  about  900 
feet  above  its  base;  and  near  a  thin  coal,  about  1,100  feet  higher,  a 
few  fragments  were  found  which  seem  to  indicate  a  veiy  high  place 
in  the  Pennsylvanian. 

Near  the  south  portal  of  the  railway  tunnel,  probably  800  feet 
above  the  horizon  last  mentioned,  or  about  2,800  feet  above  the  base 
of  the  "Red  Beds"  series,  a  small  but  interesting  flora  was  obtained, 
which  leaves  little  doubt  as  to  the  Permian  age  of  its  horizon. 
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List  of  Plants  from  the  Denver  and  Rio  Orande  Tunnel  Below  SwissvaUy  Colorado. 


CdUlipteriSf  sp. 
PsygmaphyUum  cf .  cuneifoliutn, 

Odontoptms  subarenulata  Roet? 
Macrostachya?  sp. 


SigiUariostrobus  liastattis. 
Walchia  cf .  pinifortnis. 

Walchia  cf .  imbricata. 
Rhabdocarpos  dyadieus  Geinitz? 


From  beds  apparently  about  1,550  feet  higher  between  Badger 
Creek  and  the  Wells ville  ''One  mile''  signal  beds  were  located  con- 
taining Schizopterisj  CaUipteris,  OdontopteriSf  Walchia,  and  Rhahdo^ 
carpos.  It  is  therefore  probable  that  2,000  feet,  at  least,  of  this 
section  of  the  ''red  beds'*  is  Permian. 

Fragmentary  and  incompletely  representative  of  the  several 
floras  as  the  lists  may  be,  they  yet  show  some  interesting  aspects  of 
the  distribution  of  the  Permian  species.  Thus,  the  genus  Walchia, 
unknown  in  the  Permian  of  the  Appalachian  trough,  is  present  at 
most  of  the  localities,  while  CaUipteris,  which  i^  very  meagerly 
represented  in  eastern  North  America,  is  common  and  highly  differ- 
entiated in  Kansas  and  Colorado.  Gomphostrobus,  another  type 
characteristic  of  the  Permian  of  western  Europe  and  hitherto  unknown 
in  North  America,  is  present  in  Kansas,  Colorado,  Oklahoma,  and 
Texas.  The  common  type  of  simple  leafed  Tssniopterisj  diagnostic 
of  the  western  European  lower  Permian,  is  nearly  everywhere  present, 
sometimes  accompanied  by  other  forms,  one  of  which,  with  distant, 
simple  nerves,  is  of  distinctly  Mesozoic  aspect. 

In  addition  to  the  many  CaUipteris  and  Walchia  species  just  men- 
tioned, the  provisional  lists  from  the  western  Permian  include  a 
number  of  other  forms  near  to,  if  not  identical  with,  diagnostic  Old 
World  Permian  types  hitherto  unknown  in  this  continent.  Among 
these  are  Schizopteris  cf.  trichoinaiioides,  Sphenopteris  tehacherisis, 
Pecopteris  geinitzi,  Pecopteris  pinnatijiday  CladophleJns'i  cf.  tenuis, 
Scolecopteris  elegans,  Odontopteris  suhcrenvlaia,  Tseniopteris  ahnor- 
mis,  Annularia  spicata,  Rhahdocarpos  cf .  dyadieus. 

It  is  probable  that  several  cosmopolitan  species  of  Pecopteris  and 
Sphenopteris  will  be  found  to  have  accompanied  Tseniopteris  muUi- 
nervis  from  western  Europe  to  eastern  China. 

The  examination  of  the  materials  from  the  Western  Interior  and 
Rocky  Mountain  basins  shows  that  while  the  flora  is  composed 
mainly  of  types  common  to  western  Europe  which  have  imdoubtedly 
been  distributed  along  essentially  the  same  northeastern  Arctic- 
American  route  by  which  the  Pennsylvanian  floras  migrated,  it  con- 
tains also  a  somewhat  unique  element  unmistakably  derived  from 
eastern  Asia.  The  latter  includes  the  Gigantopteris,  the  peculiar 
Annularia,  and  a  Tseniopteris  form,  to  which  should  ^possibly  be 
added  the  representatives  of  Araucarites  and  Neuropteridium.    The 
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migration  of  this  land  plant  element  waa  very  probably  by  the  north 
Pacific. 

The  most  important  deduction  to  be  drawn  from  the  occurrence 
of  Oigantopteris  and  its  particular  associates  in  North  America  is 
the  essential  continuity  of  environmental  conditions  indicated 
thereby.  The  vital  conditions  under  which  the  types  lived  in  Okla- 
homa and  Texas  can  not  have  been  very  far  different  in  their  essential 
respects  from  those  prevailing  in  the  Chinese  habitats  of  the  types. 
Environmental  conditions  sufficiently  uniform  to  enable  these  plants 
to  thrive  must  have  attended  the  route  of  their  land  migration.  We 
may  therefore  conclude  that  a  climatic  environment  essentially 
similar  extended  from  China  to  western  North  America;  that  is,  that 
during  Gigantopteris  time  western  North  America  and  portions  of 
eastern  Asia  were  probably  included  in  the  same  climatic  province. 
The  mingUng  of  the  western  European  flora  with  the  Chinese  ele- 
ments in  Oklahoma  and  Texas  suggests  that  the  latter  region  may 
have  been  on  the  eastern  border  of  the  province. 

Another  interesting  feature  of  the  western  Permian  is  the  presence 
of  fronds  possibly  identical  with  PsygmophyUum  cuneifolium,  Odon- 
topteris  permiensisy  Odontopteris  fischeri,  and  SphenophyUum  sUmkenr- 
berffi,  species  that  seem  not  to  have  been  known  outside  of  the  Uralian 
region,  from  which  they  were  described.  Possibly  the  remarkable 
Kansas  type  described  by  Sellards  *  as  Olenopterisj  which  is  unlike 
any  European  type  of  its  period,  and  which  may  be  nearest  related 
to  the  Neuropteris  salicifolia  of  Morris,  also  is  of  Uralian  or  Asiatic 
descent.  The  types  of  Uralian  origin  also  may  have  reached  western 
North  America  by  the  north  Pacific  route. 

According  to  their  composition  and  relations  the  floras  of  the 
younger  Carboniferous  in  Shansi  and  Sheng-King,  or  Manchuria, 
which  are  either  at  the  latest  Pennsylvanian  stage  or  in  the  early 
Permian,  may  with  probable  safety  be  assumed  to  have  antedated  the 
early  Gondwana  glaciation  and  the  existence  of  the  Oangamopteris 
flora  in  southern  Asia.  The  question  arises,  then,  whether  the  floral 
pecuUarities  of  the  CHgantopteris  province  are  due  in  part  to  climatic 
changes  leading  to  refrigeration  in  India,  and  whether  later  the 
cUmate  of  the  Oangamopteris  province  extended  over  a  portion  at 
least  of  the  Oigantopteris  province,  and  if  so,  whether  it  did  not  cover 
a  part  of  western  North  America. 

CONCLUSIONS. 

The  genus  Oigantopteris  Schenck,  common  in  the  Permian  "Red 
Beds"  of  Texas  and  Oklahoma,  is  a  plant  with  large  sympodially(?) 
dichotomous  pinnae,  and  confluent  (and  thus  elongately  meshed) 
Goniopteroid  nervation.     It  is  in  many  respects  strongly  suggestive 

>  KaiiB.  Univ.  Quar.,  vol.  9«  1900,  p.  179. 
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of  CaMpteris  goepperii  Morris,  which  may  be  its  nearest  known 
relative. 

On  the  evidence  of  association,  bract  texture,  and  nervation,  certain 
obovate  seeds  borne  in  the  ventral  faces  of  rather  large,  cuneate- 
obovate,  distantly  distichous  bracts,  and  representing  a  new  generic 
type  of  fructification,  are  regarded  as  the  probable  fruits  of  GigarUop- 
teris.  likewise,  certain  strobili,  composed  of  two  opposite  rows  of 
distally  concavo-convex  reniform  disks,  bearing  on  their  under  sur- 
faces numerous  pendant  oblong  sacs  are  on  account  of  the  agreement 
in  the  texture  and  filicoid  nervation  of  the  disks  with  the  lamina  and 
nervation  of  Oigantopteris,  provisionally  referred,  with  a  high  degree 
of  probability,  as  the  poUenif erous  strobili  of  that  genus. 

The  genus  Oigantoptefris  is  therefore  regarded  as  a  cycadofilic 
(Pteridospermic)  type. 

In  China  (provinces  of  Hun-Nan  and  Yun-Nan)  Oigantopteris 
is  associated  with  certain  European  Permian  forms  and  a  number 
of  American  types,  all  showing  the  Permian  age  of  the  Oigantopteris 
bearing  beds. 

The  very  incomplete  collections  of  fossil  plants  from  the  Wichita 
formation  in  Texas,  from  its  supposedly  approximate  equivalents  in 
Oklahoma,  from  the  Chase  and  Sumner  groups  in  Kansas,  and  from 
the  great  series  of  undifferentiated  ''Red  Beds"  in  the  Rocky  Moun- 
tain region  of  southern  Colorado,  show  a  mixed  flora  embracing  (1) 
mainly  representatives  of  the  Permian  flora  of  western  Europe,  and 
including  many  types  not  previously  known  in  North  America;  (2) 
a  smaller  portion  peculiar  to  the  Oigantopteris*  association  in  south 
central,  and  southwestern  China;  and  (3)  several  types  apparently 
identical  with  or  very  close  to  forms  hitherto  known  only  in  the 
Permian  of  the  Uralian  region. 

The  distribution  of  the  floral  elements  indicates  that  the  western 
European  or  cosmopolitan  elements  of  the  flora  migrated  between 
North  America  and  Europe,  presumably  by  the  same  general  north- 
eastern route  as  that  followed  by  their  Pennsylvanian  predecessors, 
while  the  distinctly  Chinese  types  must  have  come  to  Texas  and  Okla- 
homa by  the  north  Pacific  (Alaskan)  route,  by  which  the  related 
Uralian  forms  may  also  have  migrated.  Since  the  land  migration  of  the 
Chinese  types  could  hardly  have  been  accomplished  without  the  aid 
of  essential  continuity  of  environmental  conditions,  and  since  it  is 
probable  that  the  Oigantopteris  elements  lived  under  climatic  condi- 
tions mainly  similar  in  both  Texas  and  China,  the  conclusion  appears 
justified  that  the  climatic  province  under  which  they  thrived  in  Asia 
extended  to  western  North  America  and  that  it  included  the  region 
of  north  Pacific  migration.  The  mingling  of  western  European 
species  with  Oigantopteris  in  the  southwestern  ''Red  Beds"  is  con- 
94428°— Proc.N.M.vol.41— 11 33 
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strued  to  indicate  that  this  region  was  probably  on  the  eastern  bor- 
der of  the  Oigantopteris  province. 

The  Oigantopteris  flora  (early  Permian)'  very  probably  preceded  the 
development  of  the  Oangamopteris  flora  in  southern  Asia.  Did  the 
Oangamopteris  (Permian)  flora,  which  came  by  an  Antarctic  route  to 
southern  South  America,  ever  follow  the  Oigantopteris  flora  by  the 
northern  route  into  western  North  America?  The  extension  of  the 
eastern  Asiatic  province. to  the  western  border  of  this  continent  in 
Oigantopteris  time,  and  the  reported  presence  of  Olossopteris,  a,  sur- 
vivor of  the  Oangamopteris  flora  in  the  Mesozoic  of  western  Mexico, 
makes  it  seem  not  impossible  that  the  Oan^mopteris  flora  also  may 
have  reached  North  America.  In  view  of  the  almost  total  lack  of 
paleobotanical  knowledge  concerning  the  Pennsylvanian  and  Per- 
mian rocks  of  all  North  America  west  of  the  Rocky  Mountains,  it 
will  readily  be  recognized  that  the  Oangamopteris  flora  may  be  present, 
though  it  may  be  a  long  time  before  paleontological  exploration  will 
have  been  carried  so  far  as  to  unearth  its  remains. 

EXPLANATION  OF  PLATES. 

Platb  43. 

OiffantopterU  amerieana. 

Young  frond  showing  nearly  equal  division  and  slight  constriction  at  the  point  of 
dichotomy.  The  border  of  the  lamina  in  this  specimen  is  seen  to  be  sometimes  con- 
cave, sometimes  convex,  opiXKite  ends  of  the  secondary  nerves. 

(Cat.  No.  34070,  U.S.N-M.    Photographed  in  natural  size.) 

Plate  44.^ 
Gxgcmtopteris  americarM, 

Fragment  of  leaf  in  which  the  incomplete  lamina  appean  to  be  gradually  narrowed 
downward,  becoming  slightly  lobate  at  the  same  time.  The  basal  portion  of  the 
lamina,  which  is  slightly  macerated,  has  been  destroyed. 

(Gat.  No.  34069,  U.S.N.M.    Photographed  in  natural  size.) 

Plate  45. 
Gigantopterit  amencoTia. 

Portion  of  large  leaf  showing  the  union  of  two  lobes  far  above  the  point  of  dichotomy, 
with  very  little  constriction  at  the  sinus.  The  border  is  seen  to  be  convex  opposite 
the  secondary  nerves  in  the  upper  part  of  the  division  on  the  right.  The  secondary 
nerves  are  opposite  to  alternate. 

(Cat.  No.  34071,  U.S.N.M.    Figure  reduced  to  i  natural  size.) 

Plate  46. 

Gigcmtopteris  amerieana. 

Fig.  1. — ^Fragment  of  a  relatively  slender  lobe  showing  the  Goniopteroid  aspect  of 
the  margin  and  nervation.  The  sutural  nerves  are  evident  in  this  young  pinna,  and 
the  border  is  concave  opjxKite  the  ends  of  the  secondary  nerves,  probably  as  the 
result  of  slight  shrinkage. 
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(Cat.  No.  34062,  U.S.N.M.    Photographed  in  natural  size.) 

Fig.  2. — Fragment  from  the  lower  part  of  a  leaf  showing  the  nervation  which  is  more 
characteristically  represented  in  the  middle  of  the  enlarged  illustration. 

(Cat.  No.  34074,  U.S.N.M.    Figure  twice  natural  size.) 

Fig.  3. — Two  yoimg  leaves,  one  bifurcated  and  gradually  narrowed  downward,  the 
other  abruptly  constricted  at  the  base  of  the  lamina  and  petiolate.  On  the  left  is 
seen  the  base  of  a  partly  grown  leaf,  while  on  the  right  is  shown  a  fragment  of  a  leaf, 
perhaps  fully  grown. 

(Cat.  No.  34073,  U.S.N.M.    Photographed  in  natural  size.) 

Plate  47. 
Gigantopteris  americana. 

Fig.  1. — ^Fragment  of  a  leaf  of  average  size  illustrating  the  dicotyledonous  aspect  of 
many  of  the  examples.  In  portions  of  the  specimen  the  conditions  of  maceration 
have  brought  the  nervation  into  high  relief,  as  photographically  represented.  The 
base  of  the  fragment  is  probably  near  the  point  of  bifurcation. 

(Cat.  No.  34072,  U.S.N.M.    Figure  in  natural  size.) 

Fig.  2. — Photographic  enlargement,  showing  the  nervation  of  a  leaf  slightly  larger 
than  that  seen  in  figure  1.  On  the  left  is  seen  the  secondary  nerve,  on  the  right  the 
sutural  nerve.  A  part  of  the  same  specimen  is  shown  in  natural  size  in  the  nature 
print  in  plate  48,  figure  2. 

(Cat.  No.  34061,  U.S.N .M.    Photograph,  twice  the  natural  size.) 

Fig.  3. — Immature  scale  detached  from  a  strobilus  of  the  type  shown  in  plate  48, 
figures  3  and  4.    It  is  probably  the  polleniferous  scale  of  Gigantopteris  americana, 

(Cat.  No.  34066,  U.S.N.M.    Illustrated  in  natural  size.) 

Fig.  4. — ^The  same  specimen  photographed  twice  the  natural  size  to  show  the  Gigan- 
topteris  nervation  of  the  immature  scale.  The  inner  convex  portion  corresponds  to  the 
polleniferous  (7)  area  of  the  scales  seen  in  plates  48  and  49. 

Plate  48. 
Gigantopteris  americana. 

Fig.  1. — ^Apex  of  leaf  illustrating  the  dicotyledonous  aspect  of  the  fragments. 

(Cat.  No.  34063,  U.S.N.M.    Figure  in  natural  size.) 

Fig.  2. — Photographic  print  made  from  a  carbon-paper  impression  of  the  surface 
of  a  leaf  fragment  to  show  the  nervation.  The  nature  print  serves  excellently  to  illus- 
trate the  aspect  of  the  nervilles  and  the  thin  sutural  nerves. 

(Cat.  No.  34061,  U.S.N.M.    Figure  in  natural  size.) 

Fig.  3. — Strobilus  supposed  to  comprise  the  polleniferous  disks  of  the  same  plant. 
The  specimen  is  broken  slightly  obliquely  to  the  axis  so  that  the  upper  convex  sur- 
faces of  the  distichous  scales  or  bracts  are  seen  in  the  upper  part  of  the  figure,  while 
the  under  concave  surfaces  are  shown  in  the  fragments  lying  beyond  the  plane  of  the 
axis  in  the  lower  part  of  the  photograph.  The  polleniferous  (?)  sacs  are  imperfectly 
seen  at  a  few  points  on  the  underside  of  the  bracts. 

(Cat.  No.  34077,  U.S.N.M.    Figure,  natural  size.) 

Fig.  4. — Similar  strobilus,  broken  longitudinally  along  the  axis.  Numerous  pol- 
leniferous (sporiferous?)  sacs  are  shown  on  the  underside  of  the  bracts,  the  borders  of 
which  are  bent  downward. 

(Cat.  No.  34078,  U.S.N.M.    Figure  in  natural  size.) 

Fig.  5. — Lobe  bract,  similar  to  the  fertile  bracts  of  the  strobilus,  showing  Giantop- 
tens  nervation.    This  specimen  is  comparable  to  that  seen  in  figure  3  on  plate  47. 

(Cat.  No.  34075,  U.S.N.M.    Photograph,  natural  size.) 
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Fig.  6. — Similaf  bract  strongly  concavo-convex,  partially  clasping  the  axis,  and 
showing  a  nervation  apparently  in  agreement  with  that  of  the  GigantopUris  sterile 
frond. 

(Gat.  No.  34067,  n.S.N.M.    Figure,  natural  size.) 

Platb  49. 

Gigantopt&rU  americana. 

Fig.  1. — ^Fruit  from  which  the  thin  outer  envelope  (wing,  or  lamina)  has  been  par- 
tially broken  away,  exposing  the  flattened  nutlet,  which  has  a  thin  sclerotic  test. 

(Cat.  No.  34081,  U.S.N.M.    Photographed  in  natural  size.) 

Fig.  2. — Seed  attached  to  axis.  The  photograph  shows  the  asymmetrical  form  of  the 
fruit,  the  narrow  keeled  rib  at  the  lower  border,  and  the  nervation  radiating  from  the 
point  of  attachment.  The  small  roundish  body  in  the  upper  part  of  the  nucellus  may 
be  interpreted  as  a  mogaspore.  The  lamina  wing  is  puckered  about  the  micropylar 
r^on. 

(Gat.  No.  34082,  n.S.N.M.    Figure,  natural  size.) 

Fig.  3. — Seed  covered  by  the  wing  lamina  in  which  the  nervation,  apparantly  in 
accord  with  that  of  GigarUopteris,  is  indistinctly  seen.    The  nutlet  is  slightly  apiculate. 

(Gat.  No.  34083,  U.S.N.M.    Photograph,  natural  size.) 

Fig.  4. — Seed  in  which  the  outline  of  the  nutlet  is  indistinctly  seen  beneath  the 
wing  lamina,  which,  as  in  the  other  specimens,  is  narrowly  ribbed  on  one  side  (left), 
radiately  nerved,  and  puckered  about  the  micropylar  region. 

(Gat.  No.  34064,  U.S.N.M.    Figure,  natural  size.) 

Fig.  5. — Seed  in  which  the  nervation  of  the  wing  lamina,  radiating  from  the  point 
of  attachment,  and  the  lateral  rib  are  more  distinctly  shown. 

(Cat.  No.  34079,  U.S.N.M.    Illustrated,  natural  size.) 

Fig.  6. — Seed  dimly  outlined  beneath  the  wing  lamina.  The  broken  lateral  rib 
is  shown  on  the  right,  and  the  nervation  is  indistinctly  seen  along  the  upper  borderof 
the  wing. 

(Gat.  No.  34068,  U.S.N.M.    Figure,  natural  size.) 

Fig.  7. — Detached  fertile  scales  of  the  tyx>e  shown  in  figures  3  and  4  on  plate  49. 
The  photograph  shows  the  upper  or  convex  suriace  through  which  the  impressions  of 
the  supposed  pollen  sacs  lying  underneath  the  scales  are  brought  into  relief.  The 
border  zone  of  these  specimens  is  the  same  as  that  shown  in  figure  5,  plate  48,  and 
figures  3  and  4  on  plate  47. 

(Gat.  No.  34076,  U.S.N.M.    Illustrated,  natural  size.) 
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DESCRIPTION  OF  A  NEW  SALAMANDER  FROM  IOWA. 


By  Alexander  G.  Ruthven, 

Head  Curaicr,  University  of  Michigan  Museum,  Ann  Arbor, 


In  May,  1911,  the  writer  received  from  Prof.  W.  H.  Norris,  of 
Grinnell  College,  a  specimen  of  Ambystoma  that  could  not  be  referred 
to  any  of  the  described  species.  This  salamander  was  labeled 
"Bloomfield,  Iowa,''  and  had  been  sent  to  Professor  Norris  by 
Mr.  George  H.  Berry,  Cedar  Rapids,  Iowa.  To  verify  the  locality 
record  the  writer  wrote  to  Mr.  Berry,  who  very  kindly  forwarded 
three  more  of  the  six  specimens  obtained  and  the  habitat  data 
included  in  this  paper.  A  study  of  this  material  demonstrates  that  it 
represents  an  imdescribed  species,  and  the  writer  takes  great  pleasure 
in  dedicating  it  to  the  eminent  herpetologist,  Leonhard  Stejneger. 

AMBTSTOMA  STSJN BGERI,  new  spedes. 

Dictgnosis. — ^Body  slender;  costal  furrows  12;  palatine  teeth  in 
four  patches;  tail  very  long,  .94  to  1.05  of  length  of  body  (from 
snout  to  behind  anus),  strongly  compressed  throughout,  becoming 
very  thin  at  the  distal  end;  digits  long,  distance  from  wrist  to  tip 
of  longest  finger  in  length  of  head  and  body  9.27-10.6,  distance 
from  ankle  to  tip  of  longest  toe  in  length  of  body  6.8-7.57. 

Habitat, — Southeastern  Iowa. 

Type-specimen. — Cat.  No.  48598,  U.S.N.M.;  Bloomfield,  Davis 
County,  Iowa,  July  27,  1906;  Mr.  George  II.  Berry,  collector.  Para- 
types  No.  48599,  U.S.N.M.,  and  Nos.  41971-41972,  University  of 
Michigan  Museum. 

Description  of  type-specimen. — Costal  grooves  12.  Tongue  longi- 
tudinally oval.  Palatine  teeth  in  four  patches,  the  central  two  the 
largest,  the  four  groups  fprming  an  angle  with  the  point  about 
opposite  the  middle  of  the  internal  nares  and  the  sides  extending 
below  and  slightly  beyond  the  outer  margin  of  the  choan®. 

Form  slender  as  in  J.,  macrodactylum.  Head  broad  and  depressed; 
greatest  width  about  two-thirds  of  the  distance  from  snout  to  gular 
fold;  width  between  anterior  end  of  orbits  about  three-fourths  of 
greatest  width;   distance  between  eye  and  end  of  snout  about  one- 

Proceedinqs  U.  S.  National  Museum,  Vol.  41— Na  1874. 

617 


Digitized  by 


Google 


518 


PROCEEDINGS  OF  THE  NATIONAL  MV8EVM. 


TOL.  41. 


half  of  greatest  width  and  about  one-third  of  the  distance  between 
end  of  snout  and  gular  fold.  Body  depressed,  distance  from  axil 
to  groin  2.1  in  total  length  (exclusive  of  tail).  Tail  very  long, 
1.03  times  length  of  head  and  body  (to  behind  anus),  very  strongly 
compressed  throughout,  but  more  so  distally,  becoming  very  thin 
at  the  end.  Digits  relatively  long;  distance  from  wrist  to  tip  of 
longest  finger  contained  in  length  of  head  and  body  10  times;  dis- 
tance from  ankle  to  tip  of  longest  toe  in  length  of  head  and  body 
7  times. 

The  ground  color  is  brown,  shading  from  dark  brown  along  the 
dorsal  stripe  to  pliunbeous  on  the  flanks.  There  is  a  well-defined 
dorsal  stripe  extending  from  the  end  of  the  snout  along  the  vertebral 
region  to  the  distal  foiulh  of  the  tail.  This  stripe  is  narrow  on 
the  snout,^  expands  into  a  large  triangular  spot  behind  the  eyes^ 
contracts  again  to  form  a  medium  wide  stripe  on  the  body,  and  is 
narrowly  restricted  to  the  dorsal  margin  of  the  tail,  becoming  obscure 
on  the  distal  foiulh.  There  are  faint  evidences  of  pale  blotches  on 
the  limbs  (see  notes  on  paratypes). 

Additional  notes  on  paratypes. — ^The  other  specimens  agree  closely 
in  proportions  (see  measurements)  and  color  with  the  type.  They 
differ  in  that  the  pale  spots  on  the  Umbs  are  more  distinct;  there  is 
a  small  round  pale  spot  above  each  eye,  and  the  occipital  expansion 
of  the  dorsal  stripe  incloses  more  or  less  completely  a  dark  brown  spot. 

Measurements. 


U.M.M. 

U.S.N.M. 

U.M.M. 

41971. 

48598. 

41972. 

mm. 

mm. 

mm. 

51 

52.5 

53 

Broken. 

54 

50 

4 

4 

4 

12 

11.75 

12.5 

18 

17.5 

16.5 

21 

.24.5 

27.5 

8 

7.5 

8 

6.5 

5.6 

5.5 

3.5 

8.5 

3.5 

5.5 

6 

5.75 

11 

11.5 

10 

5.5 

5.25 

5 

8.5 

3 

3 

5.5 

5 

5.25 

13 

13.5 

13 

7.6 

7.5 

7 

4.75 

5 

4.5 

U.S.N.M. 


Snout  to  anuB 

TaU 

Snout  to  eye. .  .* 

Snout  to  gular  fold 

Snout  to  axQ 

AxJl  to  groin 

Width  of  head 

Between  anterior  end  of  orbita 

Noetrilfl 

Humerus 

Elbow  to  tip  of  longest  finger . 
Wrist  to  tip  of  longest  finger . . 
Free  part  oi  longest  finger 

Thigh T.-.-TT!; 

Knee  to  tip  of  longest  toe 

Ankle  to  tip  of  longest  toe 

Free  part  of  longest  toe 


mm. 
48.5 
51 

4 

11.6 
17 
21 

7.5 

6 

3.5 

5.5 
10.6 

6 

3 

5.5 
12.26 

6.75 

4.5 


Remarks. — A.  stejnegeri  is,  with  little  doubt,  most  nearly  related 
to  A.  macrodactylum.  It  may  easily  be  told  from  the  latter  by  the 
longer  and  more  compressed  tail.  The  anterior  digits  also  appear 
to  be  longer  than  in  macrodactylum.  In  the  specimens  of  the  latter 
examined  the  distance  from  the  wrist  to  the  tip  of  the  longest  finger 
is  contained  in  the  length  of  the  head  and  body  12.6  and  12.7  times 
as  compared  with  9.27,  9.7,  10,  and  10.6  times  in  A.  stejnegeri. 
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Habits. — ^Mr.  Berry  has  kindly  sent  me  the  following  account  of 
the  habits  of  the  specimens  obtained:  ''The  locality  in  which  they 
occurred  was  a  basin  in  a  tract  of  timber,  which  I  should  judge 
would  contain  quite  an  amoimt  of  water  in  the  spring  months,  but 
which  at  the  time  was  nearly  dry,  although  still  damp.  In  this 
situation  we  obtained  them  [six  specimens]  imder  decaying  red  cedar 
logs.  They  were  scarce,  the  six  specimens  representing  a  whole 
day's  search.     They  are  very  active." 
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A  REVIEW  OF  THE  SPARIDiE  AND  RELATED  FAMILIES 
OF  PERCH-LIKE  FISHES  FOUND  IN  THE  WATERS  OF 
JAPAN. 

By  David  Starb  Jordan  and  William  Francis  Thompson, 
Of  Stanford  Uhivenity,  Ckdifomia, 


In  the  present  paper  is  given  a  review  of  the  species  of  fishes 
belonging  to  those  percomorphous  families  allied  to  the  Sparoid 
fishes,  or  fishes  related  to  the  tai  or  porgy  of  the  waters  of  Japan, 
which  have  not  been  hitherto  discussed  in  these  pages  by  the  senior 
author  and  his  associates.  The  families  of  KuhliidsB,  Priacanthidae, 
TheraponidfiB,  Banjosidse,  HaemulidsB,  SparidsB,  Kyphosidae,  and  Ery- 
thrichthyidffi  are  thus  included. 

The  paper  is  based  on  material  collected  in  Japan  in  1900  by  Pro- 
fessors Jordan  and  Snyder  and  now  divided  between  the  United 
States  National  Museum  and  the  museum  of  Stanford  University. 
Most  of  the  cuts  are  from  drawings  by  Mr.  Sekko  Shimada. 

The  families  here  named  are  adopted  provisionally  only.  The  dis- 
tinctions between  SparidsB,  HsemulidsB,  LutianidsB,  and  their  relatives 
are  of  doubtful  value,  while  at  present  no  definite  boimdaries  can  be 
assigned  to  the  SerranidsB. 

1.  Family  KUHLIIDiE. 

Body  oblong,  strongly  compressed;  scales  large,  ciliated.  Lateral 
line  complete,  the  tubes  straight  and  occupying  the  half  or  more  of 
the  exposed  surface  of  the  scale.  Mouth  rather  large,  protractile; 
maxiUary  exposed,  without  supplemental  bone;  teeth  in  jaws  in  villi- 
form  bands;  teeth  on  vomer,  palatines,  entopterygoids,  and  ecto- 
pterygoids;  tongue  smooth;  head  partly  naked;  preorbital  and  pre- 
opercle  denticulate;  opercle  with  2  spines.  Gill  membranes  separate; 
6branchiostegals;  pseudobranchisB  large;  gill-rakers  long  and  slender. 
Dorsal  fins  connected  at  the  base,  with  X,  9  to  13  rays,  the  spinous 
portion  longer  than  the  soft.  Anal  as  much  developed  as  the  soft 
dorsal,  with  III,  10  to  12  rays.  Dorsal  and  anal  fins  fitting  in  a  well- 
developed  sheath.  Caudal  emarginate.  Pectorals  obtusely  pointed, 
with  14  or  15  rays,  upper  the  longest.    Ventrals  behincf  base  of  peo- 
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torals,  close  together,  with  a  strong  spine.  Posterior  processes  of  the 
premaxillaries  not  extending  to  the  frontals;  supraoccipital  bone 
extending  forward  to  between  the  post-frontal  processes,  its  crest  not 
extending  on  the  upper  surface  of  the  cranium;  parietals  short,  with- 
out crest.  Precaudal  vertebr»  with  transverse  processes  behind  the 
fourth;  ribs,  all  but  the  last  2  to  4,  sessile,  inserted  on  the  centrum 
behind  the  transverse  processes.  Vertebree  25  (10  or  11  -1-14  or  15). 
Two  genera  with  7  or  8  species  inhabiting  the  Pacific  Ocean,  especially 
fresh  and  brackish  waters  of  East  Africa,  and  the  islands  of  the  Indian 
and  Pacific  Oceans  and  north  Australia,  some  species  strictly  marine. 
Doctor  Boulenger  has  shown  in  KvMia  the  presence  of  skeletal  char- 
acters of  the  American  family  of  sun  fishes,  CentrarchidaB.  In  his 
Catalogue,  KvMia  is  placed  in  the  latter  family,  but  there  are  impor- 
tant differences  and  the  natural  character  of  the  group  Centrarchid» 
disappears  if  these  fishes  are  introduced.  We  therefore  continue  to 
recognize  the  family  of  KuhliidaB  as  distinct.  In  appearance,  as  in 
habit,  the  species  of  KvMia  resemble  the  black  bass. 

Key  to  genera. 

a  ^  Maxillary  ehort,  2}  in  head;  soft  doisal  and  anal  long  and  low;  gill-rakers  10+25; 

peritoneum  black.    Marine  species BouUngerina,  1. 

a  '.  Maxillary  long,  2  to  2}  in  head;  soft  dorsal  and  anal  shorter  and  higher;  g^-rakers 

about  9+18;  peritoneum  silvery,  dotted.    Species  inhabiting  rivers.  .KvhUa^  2. 

1.  Genus  BOULENGERINA  Fowler. 
BouUngerma  Fowlbr,  Joum.  Acad.  Nat.  Sci.  Phila.,  1906,  p.  512. 

Type. — Dvles  maio  Lesson  =  (Dvles  malo  Cuvier  and  Valenciennes). 

This  genus  includes  the  marine  species  of  KuhliidsB,  with  the  mouth 
relatively  small,  the  maxillary  2^  in  length  of  head,  the  caudal  deeply 
forked,  the  soft  dorsal  and  anal  fins  long  and  low,  the  scales  relatively 
small,  and  the  body  silvery  in  color,  gill-rakers  about  10  +  25.  Trop- 
ical Pacific,  especially  about  coral  reefs. 

(Named  for  George  Albert  Boulenger  of  the  British  Museum.) 

1.  BOULBNOBRIEf  A  TJBNIURA  (Cuvtor  and  Vatondennes). 
QJKDOKUQYO  (polioa  iltver  peioh). 

DtUes  UBniurus  Guyibr  and  Valenciennes,  Hist.  Nat.  PoisB.,  vol.  3, 1829,  p.  114 
(Java).— Blebkeb,  Verb.  Bat.  Gen.  Kunst.  Wet.,  vol.  22,  Pise.,  1849,  p.  49 
(Pagotang,  Java).— GOnther,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  267 
(Chinese  Seas).— Kner,  Reise  Novara,  Fische,  1860,  p.  47  (Tahiti). 

Paradules  tamiurua  Bleeker,  China,  Ned.  Tijd.  Dierk.,  vol.  4,  1873,  p.  139. 
Moronopeis  tseniwnu  Klunzinobr,  Fische  Roth.  Meer.,  1884,  p.  25. 

Kvhlia  Ueniura  Jordan  and  Bollman,  Pioc.  IJ.  8.  Nat.  Mus.,  vol.  12,  1889,  p. 
169,  name  only).~BouLBNOER,  Cat.  Fish.  Brit.  Mub.,  2d  ed.,  1895,  p.  39 
(Socotra,  Zanzibar,  Seychelles,  Port  Natal,  South  Africa,  Mauritius,  Lacca- 
dives,  China,  Tahiti).— Jordan  and  Sbalb,  Fishes  Samoa,  BuU.  U.  S.  Bur. 
Fish.,  vol.  25  (1905),  1906,  p.  255  (Tutuila,  Samoa,  Johnston  Island,  Marcus 
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Island,  Tubuai,  Paumotu  iBland,  Tahiti). — Jordan  and  Stares,  FisheB 
Tanega  and  Yaku,  Proc.  U.  S.  Nat.  Mus.,  vol.  30,  1906,  p.  698  (Tane- 
gashima). — Seals,  Fishes  South  Pacific,  Bishop  Mus.,  vol.  4,  No.  1,  1906, 
p.  34  (Fate,  New  Hebrides). 

Perca  argerUea  Bennett,  Fish.  Ceylon,  1830,  pi.  22,  (Ceylon). 

DuUs  argenteus  Elunzinobr,  Syn.  Fische  Roth.  Meer.,  Verh.  z.  b.  Ges.  Wien., 
vol.  20,  1870,  p.  730  ("Zweibrfiderinseln,  Koeeir")— GtyNTHER,  Fische 
Sadsee,  1873,  p.  25,  pi.  19,  fig.  C  (Tahiti,  EingBmill  Islands). ~D ay,  Fishes 
India,  1875,  p.  67,  pi.  18,  fig.  2  (India);  Fauna  India,  vol.  1,  1889,  p.  504. 

Dtdes  bennetti  Peters,  Monatsber.  kon.  Akad.  Wiss.  Berlin,  1855,  p.  432  (Mo- 
zambique, fresh  water).— GuNTHBR,  Cat.  Fish.  Brit.  Mus.,  1859,  vol.  1, 
p.  270  (no  locality). 

Kvhlia  arge  Jordan  and  Bollmann.  Proc.  U.  S.  Nat.  Mus.,  vol.  12, 1889,  p.  159 
(Chatham  Island,  Galapagos  Archipelago). — Jordan  and  Eiqbnxann, 
Bull.  U.  S.  Fish.  Comm.,  vol.  8,  1890,  p.  419.— Jordan  and  Everuann. 
Fishes  N.  and  M.  Amer.,  vol.  1,  1898,  p.  1014  (Clarion  Island,  Chatham 
Island),  (American  specimens,  the  eye  described  as  a  little  smaller,  but  in 
&ct  agreeing  entirely  with  Samoan  examples). 

Habitat. — Coral  reefs  of  the  tropical  Pacific  from  the  offshore 
islands  of  Mexico  to  Japan  and  East  Indies. 

Description  of  numerous  small  specimens,  the  loi^gest  65  mm.  in 
length,  from  Tanegashima,  Japan,  collected  by  Anderson  and  Ander- 
son, and  of  two  adults,  210  and  225  mm.  in  total  length,  from  Okinawa^ 
one  adult  from  Misaki,  besides  four  from  Samoa,  and  one  £rom  Lord 
Howe  Island  in  Australia,  agreeing  with  the  Japanese  specimens  in 
all  regards.  Specimens  typical  of  KvMia  arge  from  offshore  islands 
of  Mexico  are  also  included. 

Head  3§  in  body  length;  depth  2f ;  eye  3  in  head;  snout  4; 
maxillary,  2§;  interorbital  space  3;  D.  IX-I,  10;  A.  HI,  11;  scales 
in  lateral  line  53,  in  transverse  series  6^11  or  12  from  insertion  of 
dorsal  to  anal;  giQ-rakers  10  +  25. 

Body  profile  not  symmetrical,  highest  part  of  line  of  back  much 
behind  lowest  part  of  belly  line;  that  of  head  straight  dorsally;  the 
width  of  body  lessening  quickly  from  above  lateral  line  to  the  narrow 
ventral  edge;  caudal  peduncle  long,  from  last  anal  rays  to  last  ver- 
tebra contained  1^  in  head,  and  as  long  as  anal  base.  Tip  of  snout 
at  or  above  middle  point  of  eyes.  Maxillaiy  short,  not  extending 
beyond  anterior  third  of  eyes;  mandible  articulated  tmder  anterior 
half  of  eye,  its  length  2i  in  head.  Preorbital  and  preopercle  serrated 
very  plainly,  the  latter's  angle  somewhat  produced  and  emarginate 
on  the  vertical  border.  Lower  opercular  spine  not  extending  behind 
upper  pectoral  base.  Teeth  on  vomer  and  palatines  rather  feeble  in 
adults,  those  on  jaws  in  one  row  laterally  in  mandible,  in  upper  jaw 
in  a  moderately  broad  band. 

Dorsal  spines  stiff,  fourth  highest,  contained  1^  in  head,  penul- 
timate two-thirds  length  of  last,  which  is  3  in  head.  First  ray  2^ 
in  head,  twice  length  of  last;  fin  base  contained  IJ  in  head.  Second 
anal  spine  nearly  as  long  as  thirds  which  is  one-third  of  head  length. 
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First  ray,  2i  in  head^  twice  length  of  last;  fin  outline  slightly  con- 
cave, its  base,  including  spines  1^  in  head.  Pectoral  somewhat 
sharp,  its  length  13  in  head.  Ventrals  short,  2  in  head,  extending 
slightly  over  halfway  to  anal  insertion.  Anus  halfway  between  anal 
spines  and  tip  of  ventral.    Caudal  deeply  forked,  lobes  acute. 

Color  in  alcohol  uniform,  silvery  on  sides  and  below,  somewhat 
darker  above.  Dorsals  margined  with  black,  caudal  tipped  on  both 
lobes,  with  oblique  stripes  from  base  of  outer  rays  to  tips  of  inner, 
and  a  median  one  along  whole  length  of  central  two  rays.  Peritoneum 
dense  black. 

The  young  of  this  species  was  seen  by  Doctor  Jordan  in  a  tide  pool 
at  Misaki,  besides  the  specimens  above  mentioned  from  Tanegaahima, 
an  offshore  island  of  southern  Japan.  We  have  compared  the  types 
of  KuMia  arge  with  this  species,  and  we  are  sure  that  no  difference 
exists. 

This  species,  unlike  most  others  of  the  family,  is  strictly  marine, 
living  outside  the  coral  reefs,  the  young  entering  tide  pools  among  the 
rocks. 

KvMia  xenura  Jordan  and  Gilbert,  describea  from  specimens 
alleged  to  come  from  Salvador,  seems  to  be  the  same  as  Boulengerina 
sandvicensis  (Steindachner)  {Kublia  malo,  var.  sandvicensis)  from 
Hawaii. 

(racvia,  ribbon;  odpd,  tail.) 

2.  Genus  KUHLIA  Gill. 

Kuhlia  Gnx,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  13,  1861,  p.  48  (cUiaius). 
Maronopns  Gill,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  15, 1863,  p.  82  (marginaiiu), 
Paradules  Bleeker,  Ned.  Tijd.  Dierk.,  vol.  1,  1863,  p.  267  (marginatua). 

Type. — Perca  cUiata  Kuhl  and  Van  Hasselt. 

Body  oblong,  much  compressed;  head  compressed;  mouth  short, 
oblique;  maxillary  without  supplemental  bone,  relatively  long,  2  to 
2^  in  head;  lower  jaw  projecting;  no  canines;  the  teeth  subequal;  pre- 
orbital  sharply  serrate;  angle  of  preopercle  without  strong  spine. 
Gill-rakers  slender,  about  9+18  in  number,  smaller  and  fewer  than 
in  Boulengerina.  Pseudobranchia^  large.  Scales  moderate,  not  very 
rough;  lateral  line  distinctly  arched  in  front;  top  of  head  naked. 
Dorsal  fin  deeply  notched,  but  not  divided  to  base,  with  10  slender 
spines;  caudal  lunate;  anal  spines  graduated,  the  fin  relatively  short 
and  high.  Coloration  bright  silvery,  mottled  with  dark  olive,  the 
peritoneum  silvery,  or  spotted  with  brown.  Tropical  Pacific,  the 
species  inhabiting  clear  streams  and  pools  at  the  foot  of  waterfalls, 
with  the  habit  of  the  American  black  bass. 

(Named  for  Kuhl,  a  naturalist,  associate  of  Van  Hasselt,  and  the 
discoverer  of  the  typical  species  in  the  streams  of  Java.) 
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t.  KUHUA  aSA&OlKATA  (Cnvler  sad  ValenctooiiM). 
DOKtrOTO  (polioii  peroh). 

DtiUs  marginata  Cuyier  and  VALBNaENNES,  Hist.  Nat.  Poias.,  vol.  3, 1829,  p.  116, 
pi.  3  (Java).— Bleekbr,  Sumatra,  Nat.  Tidj.  Ned.  Ind.,  vol.  3,  1852,  p.  573, 
(Fadang).— GOnther,  Oat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  268,  (Java, 
Amboyna;  Fiji);  Fisdie  Sfldsee,  1873,  p.  24  (Sumatra,  Java,  Amboyna).— - 
Day,  Fishes  India,  1875,  p.  67,  pi.  18,  fig.  1  (seas  of  India). 

ParaduUs  marginatus  Blebkbr,  Ned.  Tidj.  Dierk.,  vol.  1,  1863,  p.  257. 

Kuhlia  marginata  Boulenoer,  Gat.  Fish.  Brit.  Mus.,  2d  ed.,  vol.  1, 1895,  p.  38 
(New  Guinea,  etc.). — Pbrugia,  Ann.  Mus.  Civ.  St.  Nat.  Geneva,  ser.  2,  vol. 
16, 1896,  p.  48.— Jordan  and  Evermann,  Fishes  Fonnosa,  Proc.  IT.  S.  Nat. 
Mus.,  vol.  25, 1903,  p.  340  (Kotosho).— Ishikawa,  New  and  Little  Known 
Fish.,  Proc.  Dep.  Nat.  Hist.  Tokyo  Imp.  Univ.,  vol.  1, 1904,  p.  9,  pi.  3,  ^.  1 
(Wadamura  and  Tojingawa,  Idzu,  Japan).— Jordan  and  Richardson,  Bull. 
U.  S.  Bur.  Fish.,  vol.  27, 1908,  p.  233  (Apam,  Mindoro,  P.  I.);  Fish.  Formosa, 
Mem.  Carnegie  Mus.,  vol.  4,  1909,  No.  4,  p.  183;  Check  List  P.  I.  Bur.  Sci. 
Publ.,  No.  1,  Manila,  1910,  p.  25. 

DuUs  TnocuiattuCuviERand  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  7, 1831,  p.  475 
(Celebes).— ?Bleeker,  Nat.  Tijd.  Ned.  Ind.,  vol.  6,  1853,  p.  33  (Amboyna), 
(said  to  be  different  from  DuUs  marginata  Cuvier  and  Valenciennes). 

DuUs  maJo  Hombron  and  Jacquih or,  Voy.  Pdle  SQd.  Dimiont  d'UrviUe,  Poiss., 
1846,  pi.  3,  fig.  4  (not  of  Cuvier  and  Valenciennes). 

Moronoptis  ciliatus  Bleekbr,  Arch.  Neerl.  Soc.  Holl.  Sciences,  Harlem,  vol.  7, 
1872,  p.  376  (Java,  Bali,  Sumatra,  Nias,  Celebes,  Batjan,  Buro,  Amboyna, 
Ceram),  (composite  species?).— Bleekbr,  Atlas  Ichth.,  vol.  7,  p.  120,  pi. 
316,  fig.  1;  pi.  324,  fig.  2  (localities  as  above),  (not  of  Euhland  Van  Hasselt). 

tDules  ciliatus  Maclbay,  Proc.  Linn.  Soc.  N.  S.  Wales,  vol.  7, 1882,  p.  237  (New 
Guinea),  {^^'marginatust  macidatuSj  malo,**), 

Dides  papuensis  Maclbat,  Proc.  Linn.  Soc.  N.  S.  Wales,  vol.  8, 1883,  p.  257  (New 
Guinea,  Goldie  River). 

DuUs  species?  Ishikawa,  Prel.  Cat.  Tokyo  Imp.  Mus.,  vol.  1, 1897,  p.  55  (Wada- 
mura, Izu,  Japan). 

Habitat. — ^East  Indian^  Chinese;  and  Japanese  Seas. 

Description  of  a  specimen  from  Kotosho,  Formosa,  138  mm.  in 
total  length;  7  from  Apia,  Samoa,  the  longest  145  mm.;  2  from 
Mindoro,  Philippine  Islands,  210  and  140  mm.  in  length;  that  from 
Formosa  described  in  particular.    Measurements  include  lower  jaw. 

Head  3 J  in  body  length;  depth  2|;  eye  3 J  in  head;  maxillary  2J; 
snout  3f ;  interorbital  space  3|;  D.  X,  11;  A.  Ill,  11;  scales  in  lateral 
line  42,  in  transverse  series  5^-8  between  insertions  of  dorsal  and 
anal;  gill-rakers  on  lower  limb  of  first  arch  16;  branchiostegals  6. 

Body  symmetrical  on  upper  and  lower  outlines,  evenly  arched; 
body  not  much  thinner  ventrally;  depth  of  caudal  peduncle  2|  in 
head,  its  length  1§  in  head.  Tip  of  snout  at  level  of  center  of 
eyes;  nostrils  nearer  tip  of  snout  than  center  of  eye;  maxillary  ending 
under  anterior  half  of  pupil;  length  of  mandible  half  that  of  head, 
ending  below  center  of  eye.  Preorbital  coarsely  serrate,  its  teeth 
directed  more  backwards  than  in  K.  rupestris.  Preopercular  margin 
more  finely  serrate,  vertical  edge  slightly  emarginate,  horizontal  one 
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straight;  the  angle  slightly  produced.  Opercle  with  two  stout  spines. 
Teeth  bristle  like,  on  vomer,  in  Anahaped  band,  on  jaws  and  pala- 
tines in  narrow  bands,  that  on  upper  jaw  several  times  as  broad  as 
that  of  lower  jaw,  which  is  in  two  or  three  series. 

Dorsal  spines  stiff,  fifth  contained  1|  in  head;  the  penultimate  3  in 
head,  last  2;  longest  dorsal  ray  2  in  head,  first  not  extending  beyond 
base  of  last  when  supine;  fin  outline  truncate,  base  of  soft  dorsal  1) 
in  head.  Soft  anal  base  slightly  longer  than  that  of  soft  dorsal; 
third  anal  spine  23  in  head;  first  soft  ray  extending  to  base  of  seventh. 
Pectoral  1^  in  head.  Ventrals  extending  to  anus,  1^  in  head. 
Caudal  forked,  rather  deeply,  inner  rays  slightly  more  than  half 
length  of  outer,  measuring  from  last  scales,  but  two-thirds  from  last 
vertebra. 

Color  in  alcohol  somewhat  silvery  below  lateral  line,  much  darker 
above,  frequently  in  irregular  spots.  Soft  dorsal  and  anal  narrowly 
edged  with  white,  black  submarginally;  spinous  dorsal  edged  with 
black;  caudal  dark,  edged  with  darker.  Peritoneum  silvery,  spotted 
with  brown. 

This  species  is  nearest  allied  to  Kuhlia  rupestris,  another  river 
species  from  the  same  regions.  It  varies  principally  in  a  shorter 
maxillary,  shorter  head,  mandible,  number  of  transverse  series  of 
scales  below  the  lateral  line,  form  of  soft  dorsal,  anal,  of  caudal,  and 
in  more  spotted  peritoneum.  In  all  these  characters  and  in  physiog- 
nomy it  approaches  slightly  to  Boulengerina. 

Our  Formosan  specimen  and  the  two  from  Mindoro,  Philippine 
Islands,  correspond  very  closely,  save  for  a  somewhat  shorter  first  anal 
spine,  longer  soft  dorsal  base,  and  wider  spread  opercular  spines  in 
the  former.  Since  the  number  of  specimens  we  have  is  so  small,  it 
is  very  likely  that  these  are  individual  variations.  The  Formosan 
specimen  has  the  first  anal  spine  0.055  of  body  length  to  last  vertebra; 
soft  dorsal  base  0.2;  and  spread  of  opercular,  spines  0.05.  The 
Samoan  specimens  have  one  more  scale  above  and  one  more  below 
in  transverse  series,  and  giU-rakers  8  to  10 +22  to  24  (instead  of  8  + 15 
to  17). 

The  synonymy  of  this  species,  now  current  and  given  in  part 
above,  is  nearly  worthless  because  of  the  great  probability  of  varia- 
tion in  these  fresh-water  fishes  from  island  to  island.  There  are  at 
least  two  species  included  in  Boulenger's  KvJdia  rruirffinatay  and  it 
is  very  probable  that  there  are  more.  The  Samoan  specimens,  at 
least,  are  not  identical  with  those  here  described.  We  have  no 
Japanese  specimens  of  this  fish.  A  memorandum  of  Doctor  Jordan 
refers  to  a  specimen  from  Izu,  in  the  Imperial  Museum  in  Tokyo. 
This  is  mentioned  by  Ishikawa  as  ^'Dvles  sp." 

imarginaius,  edged.) 
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2.  Fanuly  PRIACANTHIDiE. 

The  CATALITFAS. 

Body  oblong  or  ovate,  compressed,  covered  with  small,  firm,  raugh 
scales;  all  parts  of  the  body  and  head,  even  the  snout  and  maxiUaries, 
being  densely  scaly,  each  scale  with  a  more  or  Jess  developed  plate  on 
its  posterior  border,  most  developed  in  the  young.  Head  deep. 
Mouth  large,  very  oblique,  the  lower  jaw  prominent.  Villiform  teeth 
on  jaws,  vomer,  and  palatines,  none  on  the  tongue.  Premaxillaries 
protractile.  Maxillary  broad,  without  supplemental  bone,  not  slip- 
ping under  the  very  narrow  preorbital,  which  is  usually  serrate;  no 
suborbital  stay.  Eye  very  large,  forming  about  one-half  the  length 
of  the  side  of  the  head.  Posterior  nostril  long,  slit-like,  close  to  the 
eye.  Preopercle  more  or  less  serrated,  one  or  more  strong  spines  at 
its  angle;  operculum  very  short,  ending  in  two  or  three  points  behind; 
no  barbels.  Gill  membranes  separate,  free  from  the  isthmus.  Pseu- 
dobranchisB  very  large,  extending  along  whole  length  of  opercle. 
Postorbital  part  of  head  very  short,  the  opercle  small.  Giils  4,  a  slit 
behind  the  fourth.  Gill-rakers  long.  Branchiostegals  6.  Lateral  line 
continuous,  not  extending  on  the  caudal.  Dorsalfin  continuous,  itsrays 
X,  9  to  15,  the  spines  depressible  in  a  groove;  anal  rays  III,  9  to  15, 
the  soft  part  long,  similar  to  the  soft  dorsal,  the  spines  strong;  ven- 
trals  very  large,  thoracic,  I,  5,  close  together,  in  advance  of  base  of 
pectoral,  joined  to  belly  by  a  membrane  which  incloses  a  groove;  no 
axillary  process;  spine  strong;  pectorals  small,  pointed,  not  sym- 
metrical, of  19  or  20  rays,  the  upper  longest;  caudal  fin  truncate  or 
lunate.  Spines  of  fins  generally  rough  with  small  serr«B.  Air  blad- 
der large.  Pyloric  coBca  few.  Vertebrse  in  reduced  number,  9  or  1 0  + 
13  =  22  or  23,  the  first  vertebra  being  very  small  or  absent;  transverse 
processes  beginning  on  the  seventh  (sixth)  vertebra,  the  last  2  pre- 
caudals  bridged  across;  ribs  attached  to  the  transverse  processes; 
epipleurals  absent  on  the  last  three  precaudal  vertebr».  Supraocci- 
pital  crest  very  low,  continued  forward  to  over  front  of  orbit,  where 
it  is  joined  by  the  parietal  crests;  processes  of  premaxillaries  moder- 
ate. Carnivorous  fishes  of  the  tropical  seas,  chiefly  in  deep  waters; 
mostly  rose-colored  in  fife.  The  family  is  a  sharply  defined  group, 
not  close  to  any  other,  but  the  affinities  on  the  whole  seem  to  be  near- 
est to  the  Serranid©  and  their  tropical  allies.  Genera  2,  species 
about  10. 

Key  to  genera. 

a^.  Scales  very  small,  80  to  100  in  lateral  line;  body  oblong,  its  depth  not  half  its 
length;  preopercle  with  a  flat  spine;  dorsal  and  anal  each  with  12  to  15  soft 
rays Priacanthus,  3. 

a  3.  Scales  large  and  very  rough,  35  to  50  in  lateral  line ;  body  ovate,  its  depth  more  than 
half  its  length;  preopercle  without  spines;  dorsal  and  anal  each  with  9  to  11 
softrays P9eudopnaeanthu8,A, 
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3.  Genus  PRIACANTHUS  (Cuvier)  Oken. 

Les  PriacarUhes  Cuyieb,  R^e  Animal,  1817,  p.  281  (maerophthalmtu), 
PriacarUkus  Oken,  Isis,  1817,  p.  1783  (same  type). 

Type. — Anthias  macropTiOudmv^  Bloch  (^^Scisena  hamrurFoTskU). 

Scales  very  small,  80  to  100  in  the  lateral  line;  body  oblong,  more 
than  twice  as  long  as  deep;  preopercle  with  a- spine  at  angle;  interoi- 
bital  area  externally  transversely  convex,  the  craniiun  itself  trans- 
versely concave,  the  elevation  being  formed  of  flesh;  a  conspicuous 
foramen  in  the  interorbital  area;  lateral  line  extending  upward  and 
backward  from  upper  an^e  of  gill  opening  toward  second  dorsal  spine, 
below  which  it  changes  its  course,  following  outline  of  back  to  end  of 
dorsal  fin,  thence  direct  to  middle  of  caudal;  anal  fin  rather  long,  its 
rays  about  III,  14;  dorsal  rays  about  X,  14.  Species  rather  numei^ 
ous  in  the  tropical  seas. 

{npioAfy  saw;  AxavOa,  spine;  some  of  the  fin  spines  being  serrated.) 

Key  to  genera. 

o^  Scales  in  transverse  series  above  lateral  line  9  to  11;  posterior  nostrils  not  widely 

open;  tenth  dorsal  spine  not  more  than  twice  length  of  second,  not  three-fifths 

of  head;  scales  97-100;  anterior  margin  of  preopercle  covered  with  scales. 

^  Dorsal  rays  X,  14  or  15;  anal  rays  III,  14  or  16;  depth  of  body  about  eqnalto 

head;  preopercular  spine  weak  and  lobes  of  caudal  slightly  produced  in  adult 

hamrur,Z. 
6'.  Dorsal  rays  X,  12  or  13;  anal  rays  111,  12  to  14;  depth  greater  than  head;  pre- 
opercular spine  strong;  lobes  of  caudal  not  produced  in  adult . .  .macracarUhug,  4. 
a*.  Scales  in  transverse  series  above  lateral  line  20  to  22;  posterior  nostrils  widely 
open;  tenth  dorsal  spine  more  than  twice  length  of  second,  at  least  three-fifths 
of  head;  dorsal  rays  X,  12;  anal  rays  111,  12;  scales  87  to  93;  anterior  margin  of 
preopercle  not  covered,  serrated japoniau,  5. 

PIUACANTHUS  HAMRUR  (Fortkll). 

BAKAXZmiE  (fool  (old  ojv). 

Scissna  hamrur  ForskAl,  Descr.  Anim.,  1775,  p.  45  (Djidda,  Red  Sea). 

AnOMu  hamrur  BjiOCH  and  Schneider,  Syst.  Ichth.,  1801,  p.  307  (after  ForskU). 

Lut/ontM  Aomrur  LACifeptoB,  Hist.  Nat.  Poiss.,  vol.  4, 1802,  pp.  178  and  209. 

Priacanthus  hamrur  Cuvier  and  Valenciennes,  Hist.  Nat  Poiss.,  vol.  3,  1829,  p. 
104  (Lohaia).— RtJppELL,  N.  W.  Fische,  1836,  p.  95  (Red  Sea).— GCnther,  Cat. 
Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  219  (Red  Sea).— Klunzingbr,  Syn. 
Fische  Roth.  Meer.,  Verb.  z.  b.  Ges.  Wien,  vol.  20,  1870,  p.  708  (part).— 
Bleeker,  Ned.  Tijd.  Dierk,  vol.  4,  1873,  p.  176  (Java,  Sumatra,  Batu. 
Celebes,  Sangi,  Temate,  Batjan,  Buro,  Amboyna)  (part);  Atlas  Ichth., 
vol.  7,  1876,  p.  13,  pi.  353,  fig.  3  (after  Ned.  Tijd.  Dierk,  vol.  4).— Stbih- 
dachnbr  and  Doderlein  Beitr.  Fische  Japan's  I,  Denkschr.  Akad.  Wiss. 
Wien,  vol.  47,  1883,  p.  239  (Tokyo).— Klunzinoer,  Fische  Roth.  Meer., 
1884,  p.  17.— Day,  Fauna  India,  Fish.  vol.  1, 1889,  p.  482.— ?Sauvao«,  Poiss. 
Madag.,  1891,  p.  125  (Amboyna).— Macleat,  Proc.  Linn.  Soc.  N.  S.  Wales, 
vol.  7, 1883,  p.  235  (New  Guinea).— Jordan  and  Sntder,  Check  List,  Ann. 
Zool.  Jap.,  vol.  3,  pts.  2  and  3,  1901,  p.  83.— Sbalb,  Fi^es  South  Pacific, 
Bishop  Mus.,  vol.  4,  No.  1, 1906,  p.  38,  fig.  12  (Shortland  Island,  Solomons).— 
Jordan  and  Sbale,  Fishes  Samoa,  Bull.  U.  S.  Bur.  Fish.,  vol.  25  (1906), 
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1906,  p.  261.— -EvEBMANN  and  Sbale,  Bull.  U.  S.  Bur.  Fish.,  vol.  26  (1906), 
p.  78, 1907  (Bulan  P.  I.).— Jordan  and  Richardson,  BuU.  U.  S.  Bur.  Fish., 
vol.  27,  1908,  p.  257  (Calayan);  Check  List,  P.  I.  Bur.  Sci.  Publ.,  No.  1, 
Manila,  1910,  p.  27. 

Anthias  macrophthalmua  Bloch,  Ichthyologia,  1792,  pi.  319  (''Japan"). 

7  PriacarUJms  speculum  CvviiRR&nd  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  7,  p.  471, 
1831  (Mahe).— Valenciennes,  in  Cuvier,  R^e  An.  Illust.  Poiss.,  1836,  pi. 
11,  fig.  1.— GuNTHER,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  221  (after  Cuvier 
and  Valenciennes). — Playfair,  Proc.  Zool.  Soc.,  1867,  p.  850. — Sauvagb, 
Poiss.  Madag.,  1891,  p.  117,  pi.  14,  fig.  2  (Bourbon  Island,  Seychelles). 

Priacanthus  dubius  Temminck  and  Schleoel,  Fauna  Japonica,  1842,  p.  19  (Naga- 
saki.—Gt)  nther,  Cat.  Fish.  Brit  Mus.,  vol.  1,  1859,  p.  221  (after. Temminck 
and  Schlegel). 

Priacanifms  japonicm  Bleeker,  Nat.  Tijd.  Ned.  Ind.,  vol  2, 1851,  p.  171  (Siboga, 
East  Sumatra),  (not  of  Cuvier  and  Valenciennes). 

Priacanthua  hlochii  Bleeker,  Batavia,  Nat.  Tijd.  Ned.  Ind.,  vol.  4,1853,  p.  456 
(Batavia,  Siboga)  (part). — GtJNTHBR,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  218 
(Moluccas,  Amboyna). — Day,  Fishes  India,  1875,  p.  48. 

?Pria(»nt/^t»«Mle^<;2tHiL0END0RF,  Sitzimgb.Ge8.Nat.'Freunde,1879,  p.  79,Tokyo. 

Habitat, — CoastB  of  Asia,  occasionally  northward  to  Japan. 

Description  after  Boulenger,  as  we  have  no  Japanese  specimens. 

Head  3i  to  Si  in  total  length;  depth  3  to  3^;  eye  2 J  to  2^  in  head 
without  mandible;  snout  one-half  to  two-thirds  diameter  of  eye; 
interorbital  space  3 J  to  4  in  head;  D.  X,  14-15;  A.  Ill,  14-16;  sedes 
above  lateral  line  100-120;  in  lateral  line  75-80;  in  transverse  series 
9-11-38-46;  gill-rakers  18  to  23  on  lower  limb  of  first  arch. 

Spine  at  angle  of  preopercle  short,  indistinct  in  old  specimens. 
Dorsal  spines  gradually  increasing  in  length  to  the  last,  which  is  1^ 
to  1 J  as  long  as  second  and  one-half  to  three-fifths  length  of  head; 
longest  soft  rays  not  much  longer  than  longest  spine;  spines  feebly 
spinulose  in  the  young,  merely  striated  in  the  adult;  soft  rays  feebly 
spinulose.  Pectoral  one-half  to  three-fifths  length  of  head.  Ventral 
nearly  as  long  as  head,  the  spine  three-fifths  to  two-thirds  its  length. 
Third  anal  spine  as  long  as  sixth  or  seventh  (of  the)  dorsal;  the  spi- 
nules  on  the  spines  disappearing  in  the  adult.  Caudal  crescentic  in 
the  adult;  the  lobes  more  or  less  produced.  Scales  spinulose.  Red 
above,  silvery  beneath,  the  fins  usually  blackish  toward  the  edge. 

Total  length,  360  mm. 

Boulenger  records  specimens  from  Red  Sea,  Zanzibar,  Seychelles, 
Ceylon,  Madras,  Amboyna,  and  Japan. 

Our  specimen  from  Calayan,  Philippine  Islands,  shows  these  meas- 
urements: Head  (including  lower  jaw)  3 J  in  body  length;  depth  2| 
in  body;  maxillary  2  in  head;  snout  3  in  head  without  mandible,  or 
seven-eighths  diameter  of  eye;  scales  in  .lateral  Une  72,  in  series  above 
97,  in  transverse  between  insertions  of  dorsal  and  anal  11-41.  The 
difference  in  scales  and  in  other  regards  may  indicate  a  diflferent 
species  than  that  of  Boulenger.  His  measurements  and  counts  have 
a  wide  variation  and  it  is  quite  possible  that  he  includes  more  than 
94428^— Proc.N.M.vol.41— 11 34 
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one  species  under  the  name  of  Pricuuinthus  hamrur.  It  may  be  that 
the  Japanese  form  should  stand  as  Pridcanthus  dvMus  Temminck 
and  Schlegel,  or,  better,  as  Priacanthus  rruuropMlialmus  (Bloch),  as 
Bloch's  specimens  were  reported  to  come  from  Japan. 

The  black  ventral  spot  supposedly  characteristic  of  Priacanihus 
dvhius  is  also  found  in  the  East  Indian  fish,  and  there  are  no  direct 
measurements  available  by  which  we  can  judge  of  its  depth,  which 
is  said  to  be  greater.  It  may  be  that  more  than  the  single  species  is 
foimd  in  both  Japanese  and  East  Indian  Seas,  but  we  have  no  facts 
which  will  justify  a  separation  or  division  of  the  current  synonymy. 

The  changes  which  this  fish  undergoes  with  age  seem  to  be  rather 
marked,  if  they  are  not  attributable  to  a  confusion  of  two  species. 
The  caudal  is  first  truncate,  then  becomes  very  crescentic,  the  lobes 
much  produced,  and  the  spine  on  the  preopercle  much  shorter  in  the 
adult.  The  body  loses  its  tranverse  bands  of  color,  if  it  ever  possessed 
them.  Sauvage  describes  a  specimen  8  inches  long  with  truncate 
caudal  and  long  spine,  and  other  authors  figure  specimens  with  caudal 
emarginate.  Priacanthus  schlegdi  of  HUgendorf  has  a  truncate 
caudal,  long  spine,  and  transverse  bands,  leading  one  to  believe 
it  a  young  specimen  of  P.  Jiamrur.  However,  he  gives  the  head  as 
much  shorter,  and  the  depth  greater.  His  description  is  trans- 
lated as  follows: 

Br.  6,  D.  10/14,  A.  3/15,  L.  1.  ca.  85,  L.  tr.  /44.  Depth  2}  times  in  length  (with 
caudal).  Head  3}  in  body  length;  diameter  of  eye  2|  in  head;  length  of  snout  over 
one-half  eye  diameter ;  interorbital  breadth  two-thirds  eye  diameter.  Preopercle  with 
a  long  flat  spine,  extending  over  the  subopercle;  posterior  and  lower  borders  forming 
a  large  blunt  angle,  both  thickly  and  finely  toothed,  the  vertical  intramarginal  border 
entirely  buried  by  scales.  Opercle  with  two  weak  spines.  Fourth  dorsal  spine 
longest.  Caudal  truncate.  Scales  ctenoid.  Red  with  five  dark  croeebands.  Ven- 
trals  black.    (Museum  of  Berlin,  No.  10599.) 

This  species  is  referred  by  Doctor  Boulenger  to  the  synonymy  of 
the  American  species,  P'ri/JLcarUTiua  cruentatus.  This  is  doubtless  in- 
correct, as  the  ventrals  in  the  latter  are  not  black,  and  the  scale 
coimt  does  not  correspond,  although  this,  as  well  as  the  fin -ray 
count,  may  be  due  to  different  methods  of  enumeration. 

It  has  not  been  recorded  by  any  later  authors. 

4.  PRIACANTHUS  MACRACAHTHUS  Cuvtor  and  VatendwuiM. 

BSHHEXBARTJ  (red  pop-eye);  Mwhiis  (fold  eye). 

Priacanthus  macracanthus  Guvier  and  VALSNaENNES,  Hist.  Nat.  Poiss.,  vol.  3, 
1829,  p.  108  (Amboyna).— Blbbker,  Verh.  Bat.  Gen.  Kunst.  Wet.,  vol.  22, 
1849,  p.  48  (Batavia).— OOnthbr,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  220 
(Japan).— Castblnau,  Proc.  Linn.  Soc.  N.  S.  Wales,  vol.  3,  1878,  p.  309  (Port 
Jackson). — Sauvage,  Poiss.  Madag.,  1891,  p.  125  (part). — Ishikawa,  Prel.  Cat. 
Tokyo  Imp.  Mus.,  vol.  1, 1897,  p.  55.— Boulenger,  Cat.  Fish.  Brit.  Mus.,  2d 
ed.,  1895,  p.  354  (Japan,  Formosa,  o£f  Banda,  Aiafura  Sea,  Port  Jackson). — 
Jordan  and  Snyder,  Proc.  U.  S.  Nat.  Mus.,  vol.  23,  p.  358,  1901  (Toyko); 
Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and  3,  1901,  p.  83  (Yokohama). 


Digitized  by 


Google 


HO.  1875.   THE  JAPANESE  SPARIDJB^JORDAN  AND  TH0MF80N.  531 

PriacantkiLS  benmebari  TsioaNGK  and  Scbxbosl,  Fauna  Japonica,  1844,  p.  19, 
pi.  7,  fig.  1  (Japan).— RiCHABDSON,  Ichth.,  China  and  Japan,  1846,  p.  237. — 
GuNTHER,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  218  (Japan);  Ann.  and  Mag. 
Nat.  Hist.  (3),  vol.  20,  1867,  p.  67  (Sydney).— NystrOm,  Jap.  Fisksanil.,  K. 
Svenska  Vet.  Akad.,  vol.  13,  1887,  Afd.  4,  No.  4  (Nagasaki). —GUnthbr, 
Challenger  Rep.,  Zool.,  vol.  1,  pt.  6,  1880,  p.  39  (Arafura  Sea). 

PriacarUhus  hleeheriy  Castelnau,  Proc.  Zool.  Soc.  Victoria,  vol.  2,  1873,  p.  100 
(according  to  Boulenger). 

PriacantkiLS  hamrur  Bleekbr,  Atlas  Ichth.,  vol.  7, 1876,  p.  13  (part). — Sauvagb, 
Poiss.  Madag.,  1891,  p.  125  (part). 

Hahitat. — Australian,  East  Indian,  and  Japanese  Seas. 

Description  of  two  specimens  from  Tokyo  and  Nagasaki,  respec- 
tively 163  and  305  mm.  in  total  length.  Head  measurements  include 
lower  jaw. 

Head  3i  in  body  length;  depth  of  body  2J;  eyes  2i  in  head;  max- 
illary 2^;  snout  3J;  interorbital  space  4;  D.  X,  13;  A.  HI,  14; 
scales  in  lateral  line  75-78,  above  97-103,  below  76-80,  in  transverse 
series  between  insertions  of  dorsal  and  anal  10  or  11/36;  gill-rakers 
3  or  4  +  21. 

Breadth  of  body  two  in  its  depth,  depth  of  caudal  peduncle  two- 
thirds  of  eye  diameter.  Interorbital  space  but  very  slightly  arched, 
bone  width  one-half  eye  diameter.  Gular  space  much  swollen,  pro- 
duced as  rounded  ridge  below  borders  of  dentaries.  Nostrils 'not 
open  widely,  but  valved.  Preopercle  with  strong  flat  spine  at  angle, 
its  tip  reaching  junction  of  sub-  and  interopercles,  and  usually  single; 
its  base  usually  two-fifths  to  one-half  of  its  length,  which  is  4  in  eye. 
Posterior  margin  of  preopercle  serrate  throughout,  and  on  lower  side 
of  spine,  but  not  on  upper.  Subopercle  and  interopercle  entire,  as 
well  as  anterior  edge  of  preopercle.  Opercle  with  one  short  blunt 
spine  and  an  upper  point.  Teeth  minute  in  A  shaped  band  on 
vomer,  in  narrow  bands  on  palatines,  a  single  row  on  jaws. 

Dorsal  spines  long,  flexible,  spinulose  on  alternate  sides,  fitting 
into  groove  when  supine;  second  two-thirds  of  length  of  last,  which 
is  2  in  head.  Dorsal  rays  soft,  spinulose  on  both  sides;  first  eight  or 
nine  of  equal  length,  1}  in  head,  last  reaching  but  halfway  to  end  of 
caudal  pedimcle.  First  anal  spine  two-thirds  of  length  of  third, 
which  is  contained  2 J  in  head;  anal  rays  1}  in  head.  Pectoral  1§ 
in  head.  Ventrals  equal  to  head;  their  spines  IJ  in  head;  tip  of 
rays  reaching  second  anal  spine,  spinulose  on  lower  side,  the  inner- 
most attached  to  body  by  membrane.  Base  of  spinous  dorsal  con- 
tained 2}  in  body  length;  of  soft  dorsal  4^;  of  anal  2|.  Caudal 
nearly  truncate. 

Scales  roughly  ctenoid,  hard  to  the  touch,  broad,  bases  three 
pronged,  present  over  whole  of  head  save  Ups,  absent  on  all  fins. 

Color  of  alcoholic  specimens  uniform  yellowish  silvery,  apparently 
red  in  life.  Membranes  of  ventrals  with  a  few  much  faded  spots. 
The  vertical  fins  are  said  to  be  spotted  in  life  with  olive  brown.         ^ 
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This  species  is  not  very  common  in  southern  Japan.  Our  speci- 
mens are  from  Tokyo  and  Nagasaki.  It  is  close  to  Priacanihus 
cmenUUua  of  the  West  Indies,  but  the  latter  species  has  rougher 
spines.  The  types  of  PridcanChua  macracarUkris  came  from  Amboyna, 
and  it  may  possibly  be  that  the  Japanese  species,  Pri(ican(hu8  henme- 
bari  Temminck  and  Schlegel,  is  redly  different. 

(jjOKpbc,  long;  ixavda  spine.) 


5.  PRIACAirrHUS  JAPONICUS  Cvniu  and  Vai 

CHTKAIiEgnmE  (near-ilffhtad  fold  eya). 

Priacanthtis  japonicus  Cuvibr  and  Valenciennes,  Hiat.  Nat.  Poias.,  vol.  3,  1829, 
p.  106,  pi.  50  (Japan).— Temminck  and  Schlegel,  Fauna  Japonica,  1844, 
p.  20  (Nagaeaki).--GuNTHBR,  Cat.  Fish.  Brit.  Miw.,  vol.  1,  1859,  p.  217 
(Japan).— Stbindachner  and  Doderlein,  Beitr.  Fische  Japan's,  I, 
DenkBchr.  kais.  Akad.  Wiss.  Wien.,  vol.  47, 1882,  p.  239,  and  Beitr.  II,  vol.  48, 
1883,  pi.  1,  fig.  1  (Japan).— IsHiKAWA,  Prel.  Cat.  Tokyo  Imp.  Mus.,  vol.  1, 
1897,  p.  55  (Tokyo  Market). 

PriacanOiUS  supraarnuUvs  Hilgendorf,  Sitzungb.  Ges.  Nat.  Freunde,  1879, 
p.  79  (Japan). 

Priacanlhus  boops  Steinoachner  and  DOdbrlein,  Keise  Aurora,  Ann.  Nat. 
Hofmus.  Wien.,  vol.  11,  1896,  p.  198  (Inland  Sea  of  Japan).— Jordan  and 
Snyder,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pte.  2  and  3, 1901,  p.  83  (Yoko- 
hama).— Boulenger  Cat.  Fish.  Brit.  Mus.,  2d  ed.,  vol.  1, 1895,  p.  357  (part 
from  Japanese  and  Chinese  Seas,  not  synonymy),  (not  Anlhias  boops  Forster). 

HaMtat, — Coasts  of  southern  Japan. 

Described  from  two  specimens  235  and  290  mm.  in  total  length 
from  Bingo  in  Kiusiu,  one  210  mm.  from  Misaki,  and  one  280  mm. 
from  Tokyo.    All  head  measurements  including  lower  jaw. 

Head  2§  in  body  length;  depth  2  or  2J;  eye  2|;  maxillary  2§ 
or  2;  snout  3 J;  interorbital  space  two-thirds  eye  diameter;  D.  X, 
12;  A.  Ill,  12;  scales  in  lateral  line  66,  above  87-93,  below  75,  in 
obliquely  transverse  series  between  insertions  of  dorsal  and  anal 
20  to  22/45;  gill-rakers  6  +  18;  branchiostegaJs  7. 

Body  deep,  width  23  in  depth;  profile  straight  from  tip  of  lower 
jaw  to  insertion  of  dorsal,  arched  most  strongly  along  bases  of  soft 
dorsal  and  anal.  Depth  of  caudal  peduncle  two-thirds  of  eye  diame- 
ter. Tip  of  lower  jaw  produced  in  a  prominent  knob.  Interorbital 
space  but  slightly  arched.  Posterior  nostril  widely  open,  its  width 
one-third  of  its  length;  anterior  nostril  small,  posterior  edge  flapped. 
•Suborbital  bones  coarsely*  serrated  on  both  edges;  preopercle  ser- 
rated somewhat  less  coarsely  on  both  margins,  its  anterior  marginal 
ridge  serrated,  not  covered  by  scales,  spine  not  extending  as  far  back 
as  does  interopercle;  opercle  not  serrated,  its  spine  not  pointed  but 
serrated  at  tip;  sub-  and  interopercle  fijiely  toothed,  as  is  whole 
exposed  margin  of  shoulder  girdle.  Teeth  small,  pointed,  in  two 
rows  in  both  jaws,  lacking  at  premaxillary  symphyses,  and  in  three 
or  four  rows  at  the  mandibidar;  in  vomer  in  a  A  shaped  band;  on 
palatines  in  narrow  bands. 
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Dorsal  spines  strong,  not  flexible,  spinulose  on  alternate  sides  but 
only  at  base;  length  gradually  increasing  to  last,  which  is  twice  the 
second  and  contained  1§  in  head.  First  dorsal  ray  IJ  times  as  long 
as  tenth  spine  and  equal  to  head;  other  rays  abruptly  shortening 
from  third,  leaving  fin  acutely  angular,  its  point  reaching  to  base  of 
caudal  in  well-developed  specimens,  but  always  to  last  scales  in 
adults.  Anal  spines  similar  to  dorssd,  third  twice  the  first,  and  half 
length  of  head.  Soft  anal  similar  to  soft  dorsal  but  not  as  long,  its 
first  rays  IJ  in  head.  Both  dorsal  and  anal  rays  spinulose  on  both 
sides.  Pectorals  1}  in  head,  spinulose  on  outer  base.  Yentrals 
reaching  to  first  or  second  ray  of  anal,  length  equal  to  head  plus 
one-third  eye,  their  spines  1^  in  head;  spines  and  rays  spinulose 
below.    Caudal  truncate. 

Scales  hard,  fijiely  toothed,  present  everywhere  save  on  fins  and 
lips.  A  row  of  modified  scales  present  on  upper  edge  of  premaxillary 
and  on  anterior  bordering  membrane  of  eye.  Scales  of  snout  and 
lower  jaw  much  modified,  thick,  rough,  and  hard.  Bases  of  scales 
truncate. 

Color  in  alcohol  uniform;  evidently  red  above  and  silvery  below. 
Membranes  of  dorsal  and  ventral  fins  black,  others  colorless.  Peri- 
toneum silvery. 

This  species  is  moderately  common  on  the  coasts  of  southern 
Japan.    We  have  it  from  Bingo,  Misaki,  and  Tokyo. 

PriacantJius  supraarmatiis  of  Hilgendorf  is  said  to  have  "D.  A.  und 
V.  schwarz,"  but  differs  in  no  other  regard. 

From  Gunther's  PriacantTius  hoops  (=P.  macropiLs  Quoy  and 
Gaunard),  P.  japonicus  differs  in  a  larger  eye  and  greater  depth, 
judging  by  the  description;  and  according  to  Sauvage,  also  in  the 
form  of  the  scale,  which  is  truncate  across  the  basal  end  in  P.  japoni- 
cus, while  it  is  three-pointed  in  P.  boops.  From  P.  aUidarens,  our 
fish  differs  in  the  much  less  prominent  opercular  spine,  greater 
depth  and  larger  eye,  judging  from  the  figure  by  Sauvage  of  that 
species.*  It  seems  entirely  probable  that  P.  japonicus  has  not  yet 
been  observed  south  of  the  Chinese  Seas,  nor  in  the  Atlantic  Ocean, 
although  Boulenger  has  identified  it  with  PriacantTius  hoops  (Forster) 
of  the  South  Atlantic,  and  P.  aUidarens  (Valenciennes)  from  Bourbon, 
near  Madagascar.    We  have  no  material  for  comparison. 

4.  Genus  PSEUDOPRIACANTHUS  Bleaker. 

P9eudopnacanthu8  Bleeksb,  Versl.  kon.  Akad.  Wet.  Amst.,  (2),  vol.  3,  1869, 
p.  241  (niphonius). 

Type. — Priacanihus  niphonius  Cuvier  and  Valenciennes. 
Scales  large,  very  rough,  35  tp  50  in  the  lateral  line;  body  broad, 
ovate,  not  twice  as  long  as  deep;  preopercle  with  2  small  spines  at 

1  Poiai.  Madag.,  p.  127»  pi.  16^  flg.  8. 
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angle;  interorbital  space  broad  and  flat,  there  being  little  flesh 
between  skin  and  skull;  posterior  free  edge  of  cheek  above  edge 
of  preorbital  serrated;  post-temporal  and  scapular  bones  strongly 
serrate;  eye  very  large;  preopercular  spine  obsolete;  no  foramen  in 
interorbital  area;  lateral  line  changing  its  course  below  the  fourth 
dorsal  spine;  middle  dorsal  spines  longest;  anal  short,  its  rays  III,  9 
to  11;  dorsal  X,  11.  Otherwise  essentially  as  in  PrincarUhtLS,  the 
species  Uving  in  deeper  water. 
{(peodi^f,  false;  Priacanthus,) 

6.  PSEUD^PlUACAlfTHnS  mPHOmnS  (Covier  and  ValMicteimM). 
KU&UMADAX  (whMl  porgy);  KOfSODAX  (little  gold  porcy). 

Priacanthus  niphonius  Cuvieb  and  Valenciennes,  Hist.  Nat.  Poiaa.,  vol.  3, 
1829,  p.  107  (Japan).— Temminck  and  Schleoel,  Fauna  Japonica,  1844, 
p.  21,  pi.  7A  (Nagasaki) .—XltJNTHEB,  Cat.  Fiah.  Brit.  Mua.,  vol.  1,  1859, 
p.  217  (Japan). — Bleekeb,  Verb.  kon.  Nat.  Ver.  Neder.,  Ind.,  vol.  8,  18G0, 
p.  73  (Japan). — Steindachneb  and  Dodeblein,  Beitr.  Fiache  Japan's,  I, 
Denkschr.  kais.  Akad.  Wias.  Wien,  vol.  47,  1883,  p.  239  (Tokyo,  Oshima). 

Pseydopriacanthus  niphonitis  Bleekeb,  Veral.  kon.  Akad.  Wet.  Amat.,  (2),  vol. 
3,  1869,  p.  241  (Japan);  Atlas  IchUi.,  vol.  7, 1876,  p.  14,  pi.  350,  Bg,  5,  and 
354,  fig.  3  (Japan).— Boulengeb,  Cat.  Fish.  Brit.  Mua.,  2d  ed.,  1895,  p.  358 
(Japan;  Manado,  Celebes). — Jobdan  and  Snybeb,  Check  Liat,  Ann.  Zool. 
Japan,  vol.  3,  pts.  2  and  3,  1901,  p.  83  (Yokohama). 

Priacanthus  meyeri  Guntheb,  Proc.  Zool.  Soc.,  1871,  p.  656,  pi.  67  (Manado, 
Celebs).— Sauvaqe,  Bull.  Soc.  Philom.,  (7),  vol.  6,  1882,  p.  168;  Poiss. 
Madag.,  1891,  p.  131. 

Hahitai. — Japanese  Seas,  recorded  once  from  Celebes,  in  East 
Indian  Seas. 

Description  after  Boulenger,  of  a  specimen  275  mm.  long. 

Head  2 J  to  3  in  total  length;  depth  2  to  2J;  snout  one-third  to 
one-half  diameter  of  eye;  eye  1|  to  2  in  head  without  mandible; 
nterorbital  width  3  to  4^  in  head;  D.  X,  11  or  12;  A.  Ill,  10  or  11; 
scales  in  lateral  line  34-40,  in  series  above  55-59,  in  transverse 
series  5  or  6/30  to  34;  gill-rakers  on  lower  part  of  first  arch  17. 

Dorsal  originating  above  base  of  pectoral;  spines  strongly  striated, 
middle  longest  two-thirds  lo  three-fourths  length  of  head  and  as 
long  or  longer  than  longest  soft  rays.  Pectoral  three-fifths  to  two- 
thirds  length  of  head.  Ventral  about  three-fourths  length  of  head; 
second  and  third  anal  spines  nearly  equal,  as  long  as  tenth  dorsal; 
caudal  roimded.  Color  red  above,  silvery  beneath;  the  soft  fins 
edged  with  blackish;  young  with  dark  crossbands. 

Steindachner  and  Doderiein  say  that  their  specimens  had  48  to  52 
scales  above  the  lateral  line,  and  that  the  ventrals  reached  usuafly 
to  the  anal  insertion.  According  to  the  plate  given  by  Temminck 
and  Schlegel,  the  young  have  black  dorsals  and  anals. 

This  rare  species  of  the  deeper  waters  of  Japan  was  not  seen  by  us. 

Boulenger  identifies  Priaca7U7iiL8  refulgens  of  Sauvage  with  this 
species,  but  a  transverse  scale  count  of  8/24  is  given,  the  eye  is  as 
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long  as  the  snout,  and  the  figure  ^  shows  an  entkely  different  fish, 
as  can  easily  be  seen  by  a  comparison  with  Gfinther's  figure  of  the 
type  of  Pseudojiria^caTithua  meyeri  (Celebes)  and  the  excellent  figures 
of  Temminck  and  Schlegel.  It  is  worthy  of  note  that  the  present 
species  has  been  found  but  once  beyond  the  waters  of  Japan,  namely, 
in  Celebes.  Gunther's  figure  of  this  specimen  corresponds  exactly 
with  those  of  Temminck  and  Schlegel. 

{Niphon  or  Nippon,  the  native  name  of  Japan,  which  word  is  a 
corruption  of  Nippon.) 

3.  Family  THERAPONIDiE. 

Body  oblong,  covered  with  moderate  or  small  scales.  Mouth 
moderate,  with  viUiform  teeth,  the  outer  sometimes  enlarged;  those 
on  the  vomer  and  palatines  deciduous  or  wanting.  Maxillary  slip- 
ping beneath  the  preorbital.  Branchiostegals  6.  Preopercle  ser- 
rated; opercle  with  one  or  two  strong  spines;  preorbital  entire  or 
serrate.  Dorsal  fin  notched,  with  12  or  13  stout  spines.  Anal  spines 
3,  strong.  Air  bladder  divided  into  two  parts  by  a  constriction. 
Pyloric  caeca  in  moderate  number.  Carnivorous  fishes  of  the  tropical 
seas,  referable  to  two  genera.  The  family,  here  provisionally  adopted, 
differs  from  H»mulid8B  in  having  the  aid  bladder  constricted,  and 
externally  in  having  deciduous  teeth  on  the  vomer,  and  in  having 
the  opercle,  as  in  the  SerranidsD,  armed  with  spines. 

8.  Genus  THERAPON  Cuvier. 

Terapon  Cuvier,  R^e  Animal,  vol.  1,  ed.  1,  1817,  p.  296  {servua)^  (error  of 

tranflcription  for  Therapon). 
Pelates  Cuyibb,  R^e  Aidmal,  vol.  1,  ed.  2,  1829  (quinqmlineatua). 
Therapon  Cuvibh  and  Valencdsnnes,  Hist.  Nat.  Poias.,  vol.  3,  1829,  p.  126 

(servus). 
Dairvia  Cuvier  and  Valenciennes,  Hist.  Nat.  Poias.,  vol.  3,  1829,  p.  138 

{datrvia). 
Pterapon  Gray,  Indian  Zoology,  about  1836  (emendation  for  Terapon). 
Mesopristes  Bleeker,  Atlas  Ichth.,  no  description. 
Eutherapon Fowler,  Joum.  Acad.  Nat.  Sci.  Phila.,  1904,  p.  627  (theraps; scales  66.) 

Type. — Holocentms  servus  Bloch. 

This  genus  includes  those  TheraponidsB  in  which  the  teeth  in  the 
jaws  are  simple,  villiform,  or  conic.  In  some  species  {Eutherapon) 
the  scales  are  rather  large.  In  some  (Pelates,  DcUnia),  the  snout  is 
more  or  less  prolonged  and  the  dorsal  undivided. 

(Oefxhtov,  a  slave;  suggested  by  the  name  servus.) 

Key  to  ipecies. 

a ».  Therapon.    Dorsal  deeply  divided;  the  last  spine  much  longer  than  the  penulti- 
mate; teeth  in  outer  row  enlarged,  wide  set;  opercle  with  a  strong  spine. 

1  PolBS.  Madag.,  pL  6,  fig.  6. 
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6^  Snout  short;  gill-rakers  8+13;  scales  about  18-95-33;  maxillary  ending  under 

pupil;  bands  on  body  3  in  number,  curved,  the  convexity  downward;  spinous 

dorsal  with  a  large  black  spot 8aims,  7. 

a'.  Pelates.    Dorsal  fin  not  deeply  divided,  the  last  two  spines  subequal;  teeth  all 

villiform,  the  outer  scarcely  enlarged;  opercular  spines  weak. 

6'.  Snout  produced;  gill-rakers  8+13;  peritoneum  pale;  scales  15-72-22;  maxillary 

ending  under  nostrils;  body  bands  straight,  4  strong  and  4  alternating  weaker 

ones;  spinous  dorsal  broadly  margined  with  black,  no  large  spot  present. 

oxyrkyndnu,  8. 
7.  THERAPON  SBRVUS  (Bloch). 

YA6ATAISA6I  (arrow  ban). 

Eolocentrus  servos  Bloch,  Ichthyologia,  pi.  238, 1797,  fig.  1  (Japan). 

QTammisUssenmsBi/ycR  and  Schneider,  Syst.  Ichth.,  1801,  p.  185  (Japan), 
(after  Bloch). 

2%€rapon  wrviw  IsHiKAWA,  Prel.  Cat.,  1897,  p.  55  (Wadamura,  in  Izu,  Miyako- 
jima.) 

Therapon  jarbtUL  Smith  and  Pope,  Proc.  U.  S.  Nat.  Mus.,  vol.  31,  1907,  p.  476 
(Kochi).— Jordan  and  Starks,  Proc.  U.  S.  Nat.  Mus.,  vol.  32,  1907,  p.  496 
(Okinawa). — Jordan  and  Richardson,  Fishes  of  Formosa,  Mem.  Carnegie 
Mus.,  vol.  14,  1909,  No.  4,  p.  187  (Takao),  (not  Scismajarbua  Forsk&l). 

Hahitai. — Coasts  of  Asia,  north  to  Japan. 

Description  of  7  specimens  from  Kagoshima,  Japan,  ranging  from 
69  to  157  mm.  in  body  length,  the  largest  taken  as  typical. 


Fio.  1.— Therapon  sskvus. 

Head  with  spine  3  in  length  to  last  vertebra;  depth  2f ;  eye  6  in 
head  with  spine;  snout  3^;  maxillary  2f ;  least  width  of  preorbital 
8J;  D.  X  or  XI,  1, 10;  A.  Ill,  8  or  9;  scales  in  longitudinal  series* 
above  lateral  line  86  to  107  (usually  90  to  105);  in  longitudinal  series 
below  83  to  93;  in  transverse  to  origins  of  dorsal  and  anal  17  to  20+ 
30  to  34;  gill-rakers  8+13;  branchiostegals  6. 

Snout  somewhat  arched  in  profile;  interorbital  space  flat,  narrow- 
ing quickly  before  eyes,  ridged  above  temporal  region;  jaws  equal, 


1  Those  that  ran  upward  and  backward. 
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maxillary  ending  under  pupil.  Preorbitals  coarsely  serrate  on  lower 
margin,  their  greatest  width  7  in  head.  Preopercle  toothed  strongly 
at  angle,  less  strongly  above,  three  larger  teeth  at  angle  very  acute 
in  adults,  longest  less  than  half  diameter  of  pupil.  Serrations  on 
lower  limb  abruptly  smaller.  Two  opercular  spines,  the  upper  nearly 
obsolete,  lower  very  strong,  extending  the  distance  of  length 
of  maxillary  from  hinder  margin  of  preopercle.  Clavicle  with  five 
coarse  teeth,  pointing  back  and  upwards,  of  nearly  same  size  as 
those  of  preopercle.  Post-temporal  serrated  similarly  to  preorbital. 
Teeth  in  outer  row  conical,  somewhat  canine-Uke,  not  closely  set, 
larger  near  middle  of  jaw;  inner  bands  villiform,  and  smaller  in  size. 
Teeth  on  vomer  and  palatines  present  in  young,  but  deciduous  or 
few  in  number  in  adults. 

Dorsals  deeply  divided;  first  spine  very  small,  usually  lacking  in 
adults  and  much  longer  in  the  very  young.  Fourth  and  fifth  spines 
longest,  slightly  less  than  two  in  head;  penultimate  three-fourths  of 
eye  diameter;  last  4 J  in  head,  adnate  to  first  ray,  which  is  2 J^  in  head. 
Second  anal  spine  3|,  third  4  in  head,  or  equal  to  the  second.  First 
anal  rays  nearly  twice  length  of  third  spine.  Soft  dorsal,  anal,  and 
caudal  margins  deeply  concave.  Pectorals  short,  2  in  head.  Ven- 
trals  1}  in  head,  not  reaching  anus. 

Scales  small,  roughly  ctenoid,  absent  on  inter-  and  preopercle, 
suborbital  regions,  snout  and  jaws.  A  temporal  band  of  four  or  five 
series  of  scales  present;  a  low  sheath  present  along  bases  of  dorsal 
and  anal. 

Body  with  three  concentric  black  bands,  first  along  bases  of 
dorsals  from  first  spines  to  first  rays,  leaving  a  clear  space  above  in 
which  Ues  a  black  streak  from  sixth  to  tenth  dorsal  spines;  second 
from  nuchal  region  to  last  dorsal  rays,  its  upper  edge  passing  through 
lateral  line,  but  not  below;  third  narrower,  from  occiput  to  middle 
caudal  rays,  fourteen  scale  rows  below  lateral  band  at  its  middle.  A 
black  blotch  on  spinous  dorsal  from  fourth  to  seventh  spines,  another 
from  ninth  to  eleventh  or  twelfth.  First  four  soft  rays  tipped  with 
black  on  distal  halves,  as  are  sixth  and  seventh,  frequently  a  black 
spot  present  on  last  two  rays.  Caudal  with  central  longitudinal 
stripe,  an  obUque  band  above  and  below,  and  upper  lobe  tipped 
with  black.     Other  fins  colorless.    Peritoneum  clear. 

We  have  specimens  of  what  is  generally  termed  the  same  species 
from  Formosa  (2);  Swatow,  China  (4);  Samoa  (2);  Australia  (2); 
Arabia  (1);  Manila,  Cavite,  and  San  Fabian,  Philippine  Islands  (5); 
and  Sumatra  (1).  Of  these  the  Arabian  specimen  seems  to  be  dis- 
tinct in  several  respects.  Its  body  bands  are  more  convex,  the  upper 
nearly  touching  the  lateral  line,  the  second  dropping  four  or  five 
scales  below  the  lateral  line  instead  of  as  above.  The  maxillary  ends 
under  the  anterior  margin  of  the  eye  instead  of  the  pupil;  the  body 
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depth  is  less  for  its  size;  the  third  anal  spine  is  shorter,  as  is  the  anal 
base,  the  ventrals  and  ventral  spine.  Of  the  others,  the  Sumatran 
and  Philippine  specimens  show  only  80  to  83  scales  in  longitudinal 
series  above  the  lateral  line  (90  to  105  in  Japanese)  and  the  size  of  the 
eye  is  greater  than  that  of  the  Japanese,  usually  less  than  4§  in  head. 
The  Australian  specimens  correspond  closely  to  the  Japanese.  The 
Samoan  examples  have  slightly  larger  eyes  and  have  the  same  scale 
counts  as  those  of  the  East  Indies.  The  Chinese  and  Formosan 
specimens  correspond  to  the  Japanese  in  scale  counts,  but  have  larger 
eyes,  probably  due  in  part  to  the  smaller  size  of  the  specimens.  The 
preopercular  serrations  of  the  East  Indian  fish  are  seemingly  blunter 
than  those  of  the  Japanese.  Outside  of  these  characters  no  differ- 
ences have  been  discovered  In  color  or  measurements.  Since  the  scale 
counts  differ  so  greatly,  the  Japanese  species  is  probably  not  the  same 
as  that  of  the  East  Indies,  Philippines,  and  Samoa,  and  is  the  same 
as  the  Formosan  and  Chinese  form.  The  Arabian  specimen  must 
be  taken  as  typical  of  Scisena  jarhua  Forskil.'  It  should  stand  as 
Therapon  jarhua,  while  the  Japanese  species  is  Therapon  servus.  We 
have  specimens  of  this  species  from  Kagoshima.  Others  from  Izu 
and  Miyakojima  are  in  the  Imperial  Museum. 
(servus,  slave.) 


Scale  counts  in  longitudinal  series 

above  lateral  line  in 
jarbua. 

Therapon 

servus  anc 

^  Therapon 

Number  of  scales 

76. 

80. 

83. 

86. 

90. 

9H, 

100. 

105. 

Japan  (servus) 

1 

1 
1 
1 

1 

3 

1 

2 
2 

2 

China  and  Forrnosa  {serous) , . , . 

Australia  (strvus)      

Samoa  (jarbua) 

1 

i 

2 

East  Indies  (jorJma)                                              .     . 

4 

8.  THERAPON  OXTRHYITCHUS  Temmlnck  and  SchlegeL 

Therapon  oxyrhynchus  Temminck  and  Schlegel,  Fauna  Japonica,  1842,  p.  16, 
pi.  6,  fig.  3  (Nagasaki).— Blebker,  Nieuwe  Nalez.  Verh.  Bat.  Gen.,  vol.  26, 
1857,  p.  64  (Japan). — Richardson,  Ichth.  China  and  Japan,  1846,  p.  239. — 
GiJNTHER  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  281  (Japan,  China,  India).— 
Bleeker,  Enum.  Poiss.,  Verh.  kon.  Akad.  Amst.,  vol.  18,  1879,  p.  7 
(Nagasaki,  Shimoda). — Steindachner  and  Doderlein,  Beitr.  II,  Denkschr. 
kais.  Akad.  Wiss.  Wien,  1883,  p.  10  (Tokyo).— Nystrom,  Jap.  Fisksaml.,  K. 
Svenska  Vet.  Akad.,  vol.  13,  1887,  Afd.  4,  No  4,  p.  9  (Nagasaki).— Jordan 
and  Snyder,  Proo.  U.  S.  Nat.  Mus.,  vol.  23,  1900,  p.  355  (Tokyo).— Smith 
and  Pope,  Proc.  U.  S.  Na|;.  Mus.,  vol.  31,  1907,  p.  475  (Kochi,  Matsushima 
Bay). — Jordan  and  Snyder,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and 
3, 1901,  p.  78. 

Habitat. — Seas  of  Japan,  China,  and  India. 

Description  of  numerous  specimens  from  Shimiju,  Suniga,  Waka- 
noura,  Kagoshima,  Nagasaki,  Akune,  Nagaoka,  and  Tokyo,  Japan; 
and  Swatow,  China.    Length  from  60  to  195  mm. 


1  Deacr.  Animal,  1775,  p.  60. 
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Head  3  to  3 J  in  body;  depth  3  to  3 J;  maxillary  3  in  head;  longi- 
tudinal diameter  of  eye  6;  snout  2 J;  interorbital  space  35  to  4J;  D. 
XII,  10;  A.  Ill  8.  Scalej  above  lateral  line  to  base  of  caudal  72, 
below  60  to  70,  with  51  pores,  in  transverse  series  between  insertions 
of  dorsal  and  anal  15/22  to  26;  giU-rakers  8  +  15. 

Dorsal  and  ventral  contours  of  body  similarly  arched,  the  dorsal 
profile  of  head  straight;  snout  conical,  long,  somewhat  pointed; 
mouth  small,  maxillary  ending  before  eye,  under  nostrils;  lower  jaw 
included;  eye  small,  set  rather  low,  leaving  interorbital  space  convex 
from  side  to  side;  preorbital  border  serrated,  that  of  preopercle  at 
angle  with  strong  teeth  about  one-fourth  of  eye  diameter  in  length, 
diminishing  in  size  above,  with  rather  fine  serrae  on  lower  limb; 
opercle  with  two  spines,  the  upper  smaller  than  those  on  preopercle, 
the  lower  over  half  diameter  of  eye  in  length,  flat  and  strong;  clavicle 
set  with  teeth  about  half  as  long  and  strong  as  those  on  preopercle; 
post-temporal  with  much  smaller  teeth.  Teeth  in  jaws  small,  conical, 
set  in  many  rows  anteriorly  in  both  jaws  and  posteriorly  in  upper,  but 
in  two  rows  posteriorly  in  lower;  outer  rows  only  slightly  larger,  not 
closely  set  as  in  Therapon  quadrUineatus;  none  on  vomer,  palatines  or 
tongue.     Gill-rakers  short,  stout,  one-third  of  eye  diameter  in  length. 

Dorsals  not  deeply  divided;  spines  strong;  fourth,  fifth,  and  sixth 
longest,  2^  in  head,  last  3}  in  head,  equal  to  the  preceding  spine; 
dorsal  rays  2§  in  head,  fin  outline  convex.  Anal  spines  stout,  second 
longest,  2§  in  head;  first  anal  ray  one-third  longer,  fin  border  straight. 
Pectoral  small,  IJ  in  head,  slightly  shorter  than  ventrals.  Caudal 
short,  2  in  head,  concave. 

Scales  present  everywhere  on  body  save  preorbital,  dorsal  surface 
of  head,  lips,  and  mandible.  Dorsals  and  anal  naked,  save  for  a 
moderate  sheath  of  scales;  caudal  scaled  on  basal  half. 

Colors  somewhat  variable  in  intensity,  a  specimen  from  Wakanoura 
almost  black  above  and  very  dark  below,  others  grayish  silvery. 
Pattern  constant,  of  four  strong,  longitudinal  bro'^^ni  stripes,  as  broad 
as  pupil,  the  third  from  snout,  through  eye  to  caudal,  and  of  four 
fainter  stripes  alternating  with  these;  all  running  down  on  snout, 
save  that  on  middle  of  back  and  the  lowermost;  spinous  dorsal  with 
basal  and  distal  bands,  latter  broader,  former  continued  on  soft 
dorsal;  body  bands  not  continued  on  caudal,  which  is  irregularly 
mottled;  other  fins  colorless.     Peritoneum  and  gill  cavities  clear. 

This  species  is  very  different  from  Therapon  servuSy  and  it  should 
perhaps  be  placed  in  a  different  genus.  It  is,  however,  not  closely 
related  to  the  type  of  Pdates.  This  species  is  not  rare  on  the  coasts 
of  southern  Japan,  as  far  north  as  Matsushima  Bay. 

A  third  species,  Therapon  guadrUineaius  (Bloch),  allied  to  T. 
oxyrhynchus  and  common  in  the  East  Indies,  is  mentioned  by  Bleeker 
as  from  "Japan."     The  record  is  probably  from  the  Riu  Eau  Islands. 
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The  species  has  the  gill-rakers  16  +  21,  the  scales  14-83-18,  the  bands 
on  the  body  4  in  number  and  straight,  the  spinous  dorsal  with  a 
large  spot. 

(6$df,  sharp;  fitrjrx^Cj  snout.) 

4.  Family  BANJOSID^. 

A  small  group  of  percoid  fishes,  allied  to  the  Hsdmulidsd,  to  the 
SerranidsB,  and  to  the  Histiopterid©. 

Body  rather  robust,  covered  with  small  firm  scales.  Mouth 
moderate,  the  maxillary  mostly  sheathed;  outer  teeth  of  jaws  short 
and  thick,  the  inner  villiform;  vomer  with  villiform  teeth;  no  teeth 
on  the  palatines.  Gill  structures  as  in  the  HsBmuhdffi.  Dorsal  fin 
deeply  notched,  the  rays  X,  12,  the  spines  all  very  long,  strong,  and 
flattened;  anal  short,  with  three  strong  spines.  Caudal  slightly 
notched.  Preopercle  finely  serrate;  opercle  and  suborbital  bones 
entire. 

A  single  species  of  the  seas  of  southeastern  Asia. 

6.  Genus  BANJOS  Bleeker. 

Anoplua  Temmikck  and  Schleoel,  Fauna  Japonica,  1842,  p.  17  (no  specific 

name;  name  preoccupied  by  Anoplus  Schdnherr,  1826,  a  genus  of  beetles). 

Banjos  Bleeker,  Enum.  Poiss.,  Yerh.  kon.  Akad.  Amst.,  vol.  18,  1879,  p.  7. 

(typus). 

The  characters  of  this  genus  are  included  above. 

Type, — Banjos  typus  Bleeker  =  {Arioplua  banjos  Richardson). 

(From  the  Japanese  Banzai,  signifying  long  Ufe.) 

9.  BANJOS  BANJOS  (Richardflon). 
BANZAZDAX:  CHOSENBAKAMA  (Korean  gamient ;  a  ilah  dresaed  In  a  Korean  bakama  or cloBk|. 

Banjos  Voy.  de  Kniaenfltem,  pi.  54,  fig.  la. 

Anoplus  Temminck  and  Schleoel,  Fauna  Japonica,  1842,  p.  17,  pi.  8  (Nagasaki). 

AnopliLS  banjos  Richardson,  Ichth.  China  and  Japan,  1846,  p.  236  (after  Tein- 
minck  and  Schl^el). 

Banjos  typus  Bleeker,  Enum.  Poifis.,  Veiii.  kon.  Akad.  Amst.,  vol.  18,  1879, 
p.  7,  No.  112. 

Anoplus  banjos  Steikdaghnbr  and  Dodbrlbin,  Beitr.  Fische  Japan's,  II,  Denk* 
Bchr.  kais.  Akad.  Wifls.  Wien,  1883,  p.  7  (Tokyo). — Jordan  and  Richardson, 
Fishes  Formosa,  Mem.  Carnegie  Mus.,  vol.  4,  No.  4, 1909,  p.  188  (Formosa).— 
Jordan  and  Snyder,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and  3,  1901 
p.  82  (Yokohama).— Jordan  and  Sntder,  Proc.U.S.Nat.MuB.,vol.23,1900, 
p.  357  (Tokyo). 

HaMtat. — Coasts  of  southern  Japan  and  of  China. 

Described  from  a  smgle  specimen  225  mm.  in  length;  collected  at 
Tokyo  by  the  U.  S.  Bureau  of  Fisheries  steamer  AUnUross,  recorded 
by  Jordan  and  Snyder  (1900). 

Head  3  in  body  length,  depth  2;  eye  3 J  in  head;  snout  2J;  inter- 
orbital  space  (bone)  4§;  preorbital  3§;  D.  X.,  12;  A.  Ill,  7;  scales 
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above  lateral  line  71,  with  pores  50;  in  transverse  series  between 
insertions  of  dorsal  and  anal,  13/32;  branchiostegals  7;  gill-rakers 
5  +  14. 

Body  very  deep,  dorsal  profile  high,  straight  from  snout  to  occiput, 
slightly  arched  to  insertion  of  dorsal;  base  of  spinous  dorsal  nearly 
straight,  that  of  soft  dorsal  descending  quickly  to  caudal  peduncle, 
which  tapers  quickly  in  depth  from  the  last  dorsal  ray.  Ventral 
profile  but  slightly  arched  to  anal  base,  which  rises  quickly  to  caudal 
peduncle.  Mouth  low;  snout  narrow,  a  trifle  pointed;  eyes  large; 
interorbital  space  flat,  with  two  low  central  ridges;  nostrils  smaU, 
close  together,  not  far  removed  from  eye;  preorbital  two-thirds  as 


Fio.  2.— Banjos  banjos. 

long  as  deep;  maxillary  ending  under  anterior  border  of  eye,  almost 
completely  sheathed  by  preorbital.  Preopercular  margin  forming  a 
right  angle,  slightly  concave  on  vertical  margin  near  angle,  very 
finely  serrated  on  both.  Opercle  without  spines,  but  one  soft  point 
present.  Teeth  in  outer  series  of  both  jaws  bluntly  conical,  of 
moderate  size,  and  closely  set,  inner  band  three  rows  wide,  of  smaller 
but  similar  teeth.  Vomerine  teeth  present,  very  short,  thick  and 
conical,  almost  molar.  Gill-rakers  short,  thick,  those  on  lower  limb 
of  first  arch  8  in  eye,  those  on  upper  only  stubs. 

Dorsals  deeply  divided;  dorsal  spines  very  lai^e  and  strong,  third 
longest,  H  in  head,  last  short,  4^  in  head.  Outline  of  spinous  dorsal 
from  third  to  last  spine  nearly  straight.    Longest  dorsal  ray  If  in 
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head.  Anal  spines  very  strong,  second  If  in  head,  third  weaker 
and  shorter,  3^  in  head.  Anal  rays  shorter  than  second  spine,  fin 
outline  concave.  Pectorals  falcate,  equal  to  length  of  head.  Ventrals 
as  long  as  head  less  one-half  eye  diameter,  their  spines  two-third 
of  their  length,  very  strong.     Caudal  emarginate. 

Scales  not  strongly  ctenoid,  present  on  bases  of  soft  dorsal  and  anal, 
and  in  a  sheath  at  base  of  spinous  dorsal;  absent  on  dorsal  surface  of 
head,  preorbitals,  and  along  margins  of  preopercle. 

Color  in  alcohol  uniform,  oUvaceous,  darker  above  on  body  and 
head,  the  latter  much  more  so.  Spinous  dorsal  margined  slightly 
with  black;  soft  dorsal,  anal,  and  caudal  narrowly  with  white.  First 
five  rays  of  soft  dorsal  tipped  with  a  black  spot  below  white  margin. 
Caudal  submargined  with  black.     Peritoneimi  and  gill  cavities  clear. 

Steindachner  describes  the  color  of  the  young  as  follows:  Color 
whitish,  with  7  or  8  broad  dark  longitudinal  bands  on  the  body, 
parallel  to  each  other,  and  set  with  darker  spots.  On  the  caudal  are 
three  crossrows  of  spots,  of  which  the  middle  row  is  smaller  than  the 
others  and  indistinct.  The  spots  on  the  posterior  row  lie  very  close 
to  the  caudal  margin,  one  very  large,  and  deep  blackish  brown.  A 
larger  black  spot  is  present  between  the  three*  last  dorsal  spines  and 
another  white-margined  one  on  the  upper  part  of  the  first  dorsal  rays. 
The  anal  has  one  not  very  sharply  margined  between  the  second 
spine  and  third  ray.  Tips  of  the  upper  and  lower  rays  of  the  caudal 
white.  Ventrals  deep  black,  pectoral  yellow,  with  a  dark  spot  at 
its  base. 

This  species  is  rare  in  Japan  and  apparently  i  t  common  anywhere. 
The  specimen  described  was  taken  in  the  Tokyo  market.  We  have 
later  found  it  in  abundance  in  the  market  of  Osaka,  and  at  Fusan,  in 
Korea.     It  is  known  as  Banzaidai. 

5.  Family  ILEMULID^. 

The  aBinrTs. 

Body  oblong,  or  more  or  less  elevated,  covered  with  moderate- 
sized,  adherent  scales,  wliich  are  more  or  less  strongly  ctenoid  or 
almost  cycloid;  lateral  fine  well  developed,  concurrent  with  the 
back,  usually  not  extending  on  the  caudal  fin;  head  large,  the  crests 
on  the  skull  usually  largely  developed;  no  suborbital  stay;  mouth 
large  or  small,  usuaUy  terminal,  low  and  horizontal;  premaxillaries 
protractile,  their  spines  not  greatly  produced  backward;  maxillary 
without  supplemental  bone,  for  most  of  its  length  sUpping  under 
the  edge  of  the  preorbital,  which  forms  a  more  or  less  distinct  sheath; 
preorbital  usually  broad;  teeth  all  pointed,  none  of  them  forming 
marked  canines;  no  teeth  on  the  vomer,  palatines,  or  tongue; 
lower  pharyngeals  separate,  with  pointed  teeth;  gills  4,  a  large 
slit  behind  the  fourth;  pseudobranchiee  large;  gill-rakers  moderate; 
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gill  membranes  separate,  free  from  the  isthmus;  preopercle  serrate; 
opercle  without  spines;  sides  of  head  usually  scaly;  dorsal  fin  single, 
continuous  or  deeply  notched,  sometimes  divided  into  two  fins, 
the  spines  usually  strong,  depressible  in  a  groove;  the  spines  hetera- 
canthous,  that  is,  alternating,  the  one  stronger  on  the  right  side, 
the  other  on  the  left,  the  spines  9  to  14  in  number;  anal  fin  similar 
to  the  soft  dorsal,  with  3  spines;  ventral  fins  thoracic,  I.  5,  with  a 
more  or  less  distinct  scalelike  appendage  at  base;  caudal  fin  usually 
more  or  less  concave  behind;  air  bladder  present,  simple;  stomach 
csBcal;  pyloric  csBca  few;  vertebras  usually  10+14  =  24.  Branchio- 
stegals  usually  6  or  7.  Cranium  with  its  muciferous  system  moder- 
ately developed  or  rudimentary.  Intestinal  canal  short.  Carnivo- 
rous fishes  of  the  warm  seas,  most  of  them  valued  as  food.  Genera 
about  12;  species  nearly  130.  The  group  is  very  close  to  the 
Lutianidee  on  the  one  hand  and  to  the  Sparidee  on  the  other,  while 
some  of  its  members  show  affinities  with  certain  SciaBnidsB  and 
Serranidse. 

Key  to  genera. 

a*.  Chin  without  central  groove. 
b^.  Plectorhynchinjs.    Preorbital   scaly,    its   margin    unarmed;   soft   parts   of 
vertical  fins  scaly  at  base, 
c^  Dorsal  without  antrorse  spine;  chin  without  barbels;  caudal  emaiginate  or 
forked;  scales  small,  over  100. 
d^.  Gill-rakers  rather  long  and  slender,  7+11;  dorsal  spines  14;  preorbital 
narrow;  body  rather  elongate;  anal  rays  III,  8,  the  fin  with  a  scaly  sheath. 

Farapristipoma,  7. 
d^.  Gill-rakers  short  and  thick,  about  16-f24;  preorbital  broad;  dorsal  spines 

9  to  12;  body  rather  deep : PlectorhynchtLs^  8. 

c*.  Dorsal  preceded  by  an  antrorse  spine;  lower  jaw  vith  a  tuft  of  small  barbels 
or  papillae,  the  tip  of  snout  papillate;  caudal  rounded;  scales  about  66;  dorsal 

spines  11 Hapalogenys,  9. 

b'.  ScoLOPSiNiE.    Preorbital  scaled;  soft  part  of  vertical  fins  naked;  dorsal  spines 
10;  scales  large,  about  38;  gill-rakers  very  short  and  blunt,  6+5. 
«^  Preorbital  with  a  free  posterior  margin;  a  spine  or  other  serrations  on 
suborbital Scolopsis,  10. 

7.  Genus  PARAPRISTIPOMA  Bleekep. 
ParapristipoTna  Blbeker,  Archiv.  Neerl.  Soc.  Sci.  Harlem,  vol.  8,  1872,  p.  4. 

Type. — Perca  trUineata  Thunberg. 

This  genus  is  alUed  to  PlectorJiyTichvs,  with  wliich  it  agrees  in 
lacking  the  central  groove  at  the  chin,  characteristic  of  Hsemulon, 
PomadasiSj  and  their  relatives.  The  body  is  relatively  slender, 
covered  with  small  scales.  Dorsal  fin  continuous,  with  13  or  14 
rather  slender  spines.  Anal  III,  8.  Preorbital  unarmed;  pre- 
opercle with  fine  serrse.  Snout  and  jaws  scaly;  soft  parts  of  vertical 
fins  scaly  at  base,  the  anal  with  a  scaly  sheath. 

One  species  of  the  Japanese  seas. 
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The  South  American  genus  Isacia  Jordan  and  Fesler  (Isacia 
conoeptionis)  is  closely  related,  differing  mainly  in  the  long  anal 
(Jlly  13),  which  has  a  slight  scaly  sheath. 

(napd  near;  Pristipomaj  an  allied  genus  properly  called  Pomad4ms.) 

10.  PARAPRISTIPOMA  TIOLIirBATITM  (Thunberf). 
Z8AEI,  ISSASI,  I8AGI. 

Perca  trUineata  Thunbero,  Beskr.  2  nya  Fieke,  Kongl.  Vet.  Acad,  nya  Handl., 
vol.  14,  1793,  p.  55,  pi.  1,  fig.  2  (Nagasaki,  Japan). 

Poauprigtipoma  trUineatum  Blebker,  Arch.  Neerl.  Soc.  Holl.  Sci.  Harlem,  vol.  8, 
1872,  p.  4  (Kiusiu  and  China). 

Priatipoma  japonicum  Oitvxer  and  Valencdsnnbs,  Hist.  Nat.  Poiss.,  vol.  5, 
1830,  p.  288  (Japan).— Temminck  and  Schleoel,  Fauna  Japonica,  1843,  p.  60, 
pi.  26,  fig.  2  (southwest  coast  of  Japan). — Richardson,  Ichth.  China  and  Japan, 
1846,  p.  228  (China).— Bleeker,  Vierde  Beitr.  Verh.  Kon.  Nat.  Ver.  Nede;. 
Ind.  (Act.  Soc.  Reg.  Scient.  Ind.  Neerl.),  vol.  3, 1857,  p.  14  (Nagasaki).— 
GUnther,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  303  (Chinese  seas)  .—NtbtrSm, 
Jap.  Fisksaml.,  K.  Svenska  Vet.  Akad.,  vol.  13,  Afd.  4, 1887,  No  9,  p.  9 
(Nagasaki). — Steindachner  and  Doderlein,  Beitr.  Fische  Japan's  II,  Denk- 
Bchr.  kais.  Akad.  Wias.  Wien,  vol.  48,  Abth.  1,  1883  (Tokyo). 

Diagramma  japonicum  Bleeker,  Nalez.  Ichth.  Japan,  Verh.  Bat.  Gen.,  vol.  25, 
1852,  p.  31,  pi.  17,  fig.  1  (Japan). 

Diagramma  aporognathus  Regan,  Ann.  and  Mag.  Nat.  Hist.,  ser.  7,  vol.  16,  1905, 
p.  18  (Inland  Sea  of  Japan). 

HdbitcU. — Coasts  of  Japan  and  China. 

Described  from  35  specimens  from  Tokyo,  Misaki,  Enoshima, 
Wakanoura,  and  Nagasaki,  from  30  to  295  mm.  in  length. 

Head  3 J  in  body;  depth  3  to  3J;  eye  4  in  head;  maxillary  3;  pre- 
orbital  width  2f  in  eye;  interorbital,  3  in  head;  snout  equal  to  inter- 
orbital  width;  dorsal  rays  XTV,  17;  A.  Ill,  8.  Scales  above  lateral 
line  106  to  115,  below  85,  between  lateral  line  and  spinous  dorsal  12, 
between  lateral  line  and  anal  17;  between  insertions  of  dorsal  and 
anal  if-     Gill-rakers  16  +  24. 

Dorsal  profile  more  highly  arched  than  ventral,  that  of  head  nearly 
straight;  caudal  peduncle  2^  times  as  long  as  deep.  Snout  rounded, 
rather  short;  mouth  strongly  obUque,  lower  jaw  slightly  projecting; 
maxillary  ending  under  anterior  border  of  eye,  not  all  sheathed  by 
preorbital;  eyes  set  low,  leaving  interorbital  area  high  and  arched. 
Teeth  feeble,  minute,  present  on  jaws  only,  in  a  narrow  band  ante- 
riorly, a  single  row  posteriorly.  Preopercle  with  fine  serrse  nearly 
same  in  strength  as  teeth.  Opercle  with  spines  almost  lacking. 
Gill-rakers  slender,  their  length  half  diameter  of  eye. 

Dorsal  spines  flexible,  low,  first  inserted  over  point  of  opercle; 
fourth,  fifth,  and  sixth  longest,  2^  in  head,  last  equal  to  eye.  Dor- 
sals not  divided,  rays  not  appreciably  higher  than  last  spine.  Anal 
spines  stout,  long,  third  2|  in  head,  slightly  shorter  and  weaker  than 
the  second,  first  very  short,  2 J  in  eye;  first  anal  rays  one-fifth  longer 
than  third  spine,  last  one-half  first;  margin  of  fin  straight.     Pectoral 
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somewhat  falcate,  long,  nearly  equal  to  head,  ventrals  1^  in  head. 
Caudal  margin  deeply  concaye,  its  angles  sharp,  its  length  slightly 
less  than  head. 

Scales  present  everywhere,  save  on  soft  dorsal  and  anal,  which  are 
deeply  sheathed,  and  on  lips;  a  patch  of  scales  on  exposed  portion 
of  maxillary.    Rows  on  body  very  oblique. 

Color  in  spirits:  adults  nearly  plain  dark  above,  clearer  below, 
with  narrow  stripes  of  darker  following  rows  of  scales,  especially 
below  lateral  line.  In  young,  three  narrow  clear  lines  as  wide  as 
pupil,  cutting  dark  above  axis  of  body;  the  second  running  from 
upper  edge  of  eye  along  lateral  line  to  upper  part  of  caudal,  the  first 
running  parallel,  about  midway  to  mid-dorsal  line  of  body;  the  third 
from  the  point  of  opercle  to  middle  of  caudal  sometimes  merged  into 
clear  ventral  color.  These  lines  may  persist  in  adults  to  some  degree. 
Fins  nearly  as  dark  as  body;  dorsals  edged  with  black.  Peritoneum, 
gill,  and  mouth  cavities  clear.  The  body  lines  are  variable  according 
to  preservation,  and  much  less  distinct  with  age.  In  life,  dark  gray, 
with  dark  streaks  along  the  rows  of  scales;  yellow  shades  on  back, 
head,  and  the  lower  fins;  dorsal  spines  yellow;  caudal  blackish.  The 
yellow  streaks  distinct  in  the  yoimg,  vanishing  in  the  adult. 

This  species,  known  everywhere  as  ''JsaH,"  is  one  of  the  common 
food  fishes  of  Japan,  taken  daily  at  every  port  south  of  Tokyo.  It 
was  seen  at  Tokyo,  Misaki,  Enoshima,  Wakanoara,  and  Nagasaki. 

{trUineattis,  marked  with  three  lines.) 

8.  Genus  PLECTORHYNCHUS  Lac^p^de. 

PlectarhyndiUB  LAc^ptos,  Hist.  Nat.  Poias.,  vol.  3,  1801,  p.  135  (chsUodmoidea). 
Les  Diafframme$  Guvies,  R^e  Animal,  vol.  1,  1817,  p.  280  (diagramma), 
Diagrcamma  Oksk,  laU,  1817,  p.  1783  (diagramma). 
SpUotichthys  Fowlbb,  Joum.  Acad.  Nat.  Sci.  Phila.,  1904,  p.  628  (radjabon). 

Type. — Pledarhynchus  ehastodonoOes  Lac6pdde. 

Body  oblong,  compressed,  the  upper  outline  parabolic.  Mouth 
small,  horizontal,  the  jaws  with  villiform  teeth.  Preopercle  serrate; 
suborbitals  without  spines  or  serrad;  branchiostegals  6  or  7.  Chin 
with  pores,  but  with  no  central  groove  and  with  no  barbels.  One 
dorsal  fin  with  9  to  12  stout  spines.  Soft  parts  of  vertical  fins  scaly 
at  base.  Anal  spines  3.  Caudal  forked  or  emarginate.  Snout  and 
jaws  not  scaly.    Scales  small.    Air  bladder  simple. 

Species  numerous,  of  the  tropical  Pacific.  We  here  exclude  the 
genus  or  subgenus  EuelaUckthya  Fowler  (affinis)  with  large  scales  and 
14  dorsal  spines. 

(nisKTbCf  joined  together:  ^yx^)  snout.) 

Key  to  species. 

ii>.  DiAORAMMA.  Donal  raya  about  IX  or  X,  22;  scales  small,  about  95  below 
lateral  line;  color  dark,  with  white  stripes,  broken  into  spots  and  highly  varie- 
gated in  the  young pictuSf  11. 

94428^-Pioc.N.M.vol.41— 11 36  ^  , 
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a^  Plectobhtnchus.    Donal  lays  about  XII,  16;  scales  moderate,  about  65  below 
lateral  line;  color  dark,  with  brown  spots  and  streaks etnctiu,  12. 

11.  FLBCTOSHTHCHU8  PICTUS-(Thimb«f)« 

Perca  picta  Thunbehg,  Kongl.  Vet.  Akad.  Nya  Handl.,  vol.  13, 1792,  p.  141,  pL 
6,  fig.  1  (Nagasaki). 

Cframmistes  pictm  Bloch  and  Sghnbidbb,  Syst.  Ichth.,  1801,  p.  190; 

Luijanv*  pietus  Lac^^b,  Hist.  Nat.  Poiss.,  vol.  6,  1803,  pp.  687,  688. 

Diagramma  pictum  Guvibb  and  Valbncibnnbs,  Hist.  Nat  Poiss.,  vol.  5, 1830,  p. 
315  (Java,  Pondicherry).— TsmaNCK  and  Sghleobl,  Fauna  Japonic^, 
1843j  p.  62  (Nagasaki). — Richaiidsok,  Ichth.  China  and  Japan,  1846,  p.  227 
(Hongkong).— GDnthbb,  Cat.  Fish.  Brit.  Mus.^  vol.  1,  1859,  p.  327.— Day, 
Fishes  India,  1875,  p.  81,  pi.  21,  fig.  3.— Sauvagb,  Poiss.  Madag.,  1891,  p.  513 
(name  only).  ^ 

PlectorlN/nchus  pietus  Blbbkbb,  Ned.  Tidj.  Dierk.,  vol.  4, 1872,  p.  298  (Sumatra, 
Nias,  Pinang,  Singapore,  Bintang,  Bangka,  Java,  Diuzend-insel,  Baweu, 
Celebes,  Batjan,  Temate,  Ceram,  Amboyna. — Blbbkbb,  Atlas  Ichth.,  vol.  8, 
p.  24,  pi.  329,  fig.  4;  pi.  333,  fig.  2  (after  above).— Evebmakn  and  Sbale, 
BuU.  U.  S.  Bur.  Fish.,  vol.  26  (1906),  1907,  p.84  (Bukn,  Jolo).— Jobdan  and 
Sntdbb,   Check  List,.  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and  3,  1901,  p.  78. 

SpUoHchthys  pietus  Jobdan  and  Sbalb,  Bull.  U.  S.  Bur.  Fish.,  vol.  26  (1906),  1907, 
p.  22. 

Perca  periusa  Thunbero,  Kongl.  Vet.  Acad,  nya  Handl.,  vol.  14,  1793,  p.  196, 
pi.  7,  fig.  1  (Nagasaki). 

Lutjanus  pertusus  Blogh  and  Schnbidbr,  Syst.  Ichth.,  1801,  p.  328  (after  Tfaun- 
beig). 

Diagramma  pertusum  GCnthbb,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  321  (after 
Cuvier  and  Valenciennes). 

Plectorhynchus  pertusus  J  OBDAif  and  Sntdbb,  Check  List,  Ann.  Zool.  Jap.,  vol.  3, 
pts.  2  and  3,  1901,  p.  78  (after  Thunbeig). 

Holocentrus  radjabon  Lac^p&de,  Hist.  Nat.  Poiss.,  vol.  4,  1803,  pp.  335,  374.— 
Jobdan  and  Evbbuann,  Proc.  U.  S.  Nat.  Mus.,  1903,  vol.  25  (Formosa). 

Anihias  diagramma  Bloch,  Ichthyologia,  1797,  pi.  320  (East  Indies). 

Orammistes  diagramma  Bloch  and  Sghnbidbb,  Syst.  Ichth.,  1801,  p.  184. 

Spams  diagramma  Shaw,  Zool.,  vol.  4,  1803,  p.  440,  pi.  65. 

Diagramma  punctatum  RI^ppbll,  Atlas  Reise  nOrd.  Airika,  1828,  p.  126,  pi.  32, 
fig.  2  (Northern  Red  Sea)  (Ehrenbeig).— Cuvibb  and  Valbncibnnbs,  Hist 
Nat.  Poiss.,  vol.  5,  1830,  p.  302  (Java  and  Batavia).— Quoy  and  Gaimabd, 
Voy.  Astrol.  Poiss.,  1834,  pi.  12,  fig.  2,  p.  699  (Vanikoro).— TBMifiNCKand 
Sghleobl,  Fauna  Japonica,  1842  p.  60  (Nagasaki). — ^Blbbkbb,  Scisen.  Veih. 
Bat.  Gen.,  vol.  23,  1850,  p.  25  (Batavia).— GCntheb,  Cat.  Fish.  Brit.  Mus., 
vol.  1, 1859,  p.  323  (Red  Sea,  Ceylon,  (3iina).— Knbb,  Reise  Navara  Fisch.. 
1860,  p.  54  (Java).— Day,  Fishes  India,  1875,  p.  83,  pi.  21,  fig.  4.— Sauvagb, 
Poiss. Madag.,  1891,  p.  513  (name  only). 

Pleetorhynchus  punctatus  Bleekeb,  Atlas  Ichth.  Perc.,  1875,  pi.  22,  fig.  1.— 
Jobdan  and  Snybeb,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and  3, 1901, 
p.  78. 

Diagramma  eineraseens  RI^ppell,  Atlas  Reise  nOrd.  Airika,  1828,  p.  127  (B^ 
Sea). — CxjviEB  and  Valbngiennes,  Hist.  Nat.  Poiss.,  1830,  vol.  5,  p. 
307  (Trincomalee). 

f  Diagramma  Knedtum  RI^ppbll,  Atlas  Reise  n5rd.  Airika,  1828,  p.  125  (ICassaoa). 
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f  Diagramma  hlochii  CmriBB  and  Yalbncibnnes,  Hist.  Nat.  Poiss.,  vol.  5, 1830, 
p.  312  (Trincomalee).— GeNTHBB,  Oat.  Fiah.  Brit.  Mus.,  vol.  1, 1859,  p.  329 
(after  Cantor),  (East  Indies). 

Plectorkynchua  blochti  Cantor,  Cat.  Malay.  Fiah,  1850,  p.  77  (Pinang). 

Diagramma  pcecilopterum  Cxtvieb  and  Valengzbnnbs,  Hist.  Nat.  Poiss.,  vol.  5, 
1830,  p.  314,  (Pondicheiry).— TBMHiNCKand  Schbgbl,  Fauna  Japonica,  1842, 
p.  62  (NagassJd).— RiCHABDBON,  Ichth.  China  and  JajMUi,  1846,  p.  227  (Can- 
ton).—OtJNTHBB,  Cat.  Fiah.  Brit.  Mus.,  1859,  vol.  1,  p.  329. 

Plectorhynchus  jwcUoptenu  Jordan  and  Sntdbb,  Check  List,  Ann.  Zool.  Jap., 
vol.  3,  pts.  2  and  3,  1901,  p.  78.— Jobdan  and  Evbbmann,  Proc.  U.  S. 
Nat.  Mus.,  vol.  25, 1903,  p.  349  (Eeerun  and  Giran,  Formosa). 

Diagramma  ocellatum  (Kuhl  and  Van  Hasselt)  Cxtvieb  and  Valenciennes,  Hist. 
Nat.  Poiss.,  vol.  5, 1830,  p.  303  (Java). 

DiagramTna  baUeatum  (Kuhl  and  Van  Hasselt)  Cuvieb  and  Valbnciennbs,  Hist. 
Nat.  Poiss.,  vol.  5,  1830,  p.  316  (Java). 

Plectorhynchus  halteatuB  Cantob,  Cat.  Malay.  Fiah,  1850,  p.  78  (Singapore). 

/)ta^ram7na  oen^ttrio  Cuvieb  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  5,  1830, 
p.  308  (Seychelles).— GtJNTHEB,  Cat.  i*ish.  Brit.  Mus.,  vol.  1, 1859,  p.  322 
(after  Chivier  and  Valenciennes). — ^Platfaib,  Fish.  Zanzibar,  p.  127  (ac- 
cording to  Bleeker). 

Diagramma  Umnhergii  Cttvibb  and  Valbnoibnnbs,  Hist.  Nat.  Poiss.,  vol.  5, 1830, 
p.  308  (locality  uncertain). — ^Bleekeb,  Nieuwe  Nalez.  Verh.  Bat.  (jen.,  vol. 
26,  1857,  p.  18,  No.  121  (after  Cuvier  and  Valenciennes). 

HaJyUat. — ^Indian  Ocean,  Red  Sea,  Chinese  and  Japanese  Seas. 

Described  from  a  series,  21  in  all,  from  Manila  and  Cavite,  Philippine 
Islands,  from  Formosa,  and  from  Onomichi  and  Nagasaki,  Japan; 
ranging  from  32  to  200  nmi.  in  body  length. 

Head  3  to  3J  in  body;  depth  2i;  eye  4  in  head;  maxillary  3;  pre- 
orbital  width  4  to  4|;  interorbital  width  4;  snout  2J;  D.  IX  or  X,  21 
to  23;  A.  Ill,  6  or  7;  scales  above  lateral  line  110  to  122,  below  84  to 
95,  between  insertions  of  dorsal  andUnal  16  or  17/21  to  24;  gill-rakers 
7  +  11  or  12. 

Dorsal  profile  of  body  much  more  strongly  arched  than  ventral; 
greatest  depth  of  body  above  pectoral  fin,  leaving  space  from  snout 
to  first  spine  very  convex  with  a  longer  slope  to  the  caudal.  Snout 
low,  its  apex  half  the  diameter  of  eye  below  latter's  lower  edge;  inter- 
orbital space  convex  from  eye  to  eye;  maxillary  ending  under  anterior 
border  of  eye;  lips  somewhat  fleshy.  Teeth  in  jaws  villiform.  Pre- 
opercle  finely  serrate.  Opercle  with  two  points.  Post-temporal  veiy 
finely  serrate.    Gill-rakers  short,  rather  stout. 

Dorsal  spines  highest  in  second,  which  is  2  in  head  or  2i  in  body 
depth  (in  adult) ;  last  spine  two-thirds  of  second,  equal  to  first  soft 
ray.  Dorsals  not  divided.  Last  rays  longest,  IJ  in  head.  Anal 
spines  of  same  strength  as  dorsal,  second  and  third  subequal,  2%  to 
3}  in  head,  fii^t  very  short,  7  in  second;  anal  rays  1^  times  length  of 
spines.  Caudal  truncate  or  somewhat  emaiginate.  Pectorals  1)  in 
head,  ventrals  l\. 
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Scales  small,  ctenoid,  present  everywhere  save  tip  of  snout,  lips, 
maxillary  and  lower  jaw.  Preorbital  scaled.  A  sheath  present  along 
spinous  dorsal;  bases  of  soft  dorsal,  anal  and  caudal  covered. 

Color  of  adult  in  alcohol  uniform  on  body,  with  indications  only  of 
rows  of  brown  dots  half  as  large  as  pupil  on  flanks  and  upper  surface. 
Dorsal  and  caudal  fins  with  similar  spots,  dorsals  bordered  with 
black,  first  part  of  soft  dorsal  broadly.  Anal  and  ventrals  tipped  with 
black.    Peritoneum,  mouth  and  gill  cavities  clear. 

The  changes  which  this  fish  undergoes  during  its  life,  particularly 
in  color,  are  apparently  veiy  marked,  and  have  given  rise  to  much 
confusion  and  synonymy.  The  depth  of  the  body  becomes  greater 
with  age,  ranging  from  35  to  40  hundredths  of  the  body  length;  the 
eye  varies  as  usual;  the  dorsal  spines  become  markedly  lower  in  pro- 
portion, being  two-thirds  to  three-fourths  of  the  the  body  depth  in 
the  young  and  two-fifths  in  adult,  ranging  from  15  to  25  hundredths 
of  body  length;  the  caudal  is  elongate,  equal  to  head,  and  pointed, 
with  the  outer  rays  much  shorter  than  the  central,  while  in  the  adult 
the  caudal  becomes  emarginate  and  but  two-thirds  of  head  length. 
The  anal  spines  also  shorten,  as  do  the  giU-rakers.  In  color  the  young, 
32  mm.  in  length,  described  as  Z>.  pictumand  haJUalum,  etc.,  shows  two 
very  broad  black  stripes,  so  broad  as  to  become  the  ground  color  of 
the  upper  part  of  the  body.  The  first  runs  from  the  snout  along  the 
bases  of  the  dorsals  to  the  last  rays,  leaving  an  interrupted  narrow 
white  line  in  the  center  of  the  head  and  occiput  and  a  spot  at  the  base 
of  the  first  dorsal  ray.  The  second  stripe,  its  width  one-third  of  the 
body  depth,  runs  through  the  eye  to  the  lower  caudal  rays,  leaving  a 
narrow  white  stripe  from  above  the  eye  to  the  upper  caudal  rays. 
Below  the  second  black  stripe  the  body  is  clear,  but  sometimes  show- 
ing another  indistinct  dark  band.  The  dorsals  are  black  save  for  the 
first  spine,  and  the  margin  and  last  rays  of  the  soft  dorsal.  In  later 
life  the  clear  spot  below  the  first  spines  spreads,  splitting  the  fijist 
black  stripe  into  two,  the  dark  bands  narrow  and  traces  of  still  nar- 
rower ones  appear  below  the  pectorals;  the  dorsals  are  margined  with 
black,  with  the  body  bands  continued  on  them.  At  this  stage  the 
fish  is  about  100  mm.  long,  and  has  been  described  as  DioLgramma 
bhcJiii,  etc.  The  upper  black  line  left  by  the  splitting  of  the  broad 
upper  one  then  breaks  into  round  spots,  a  row  of  which  appears  in 
the  white  stripe  above  the  eye,  and  the  previously  indistinct  dark 
lines  below  the  lowermost  broad  line  also  break  up  into  spots,  extend- 
ing to  the  cheeks.  The  membrane  between  the  first  three  dorsal 
spines  clears.  This  stage,  120  mm.  long,  has  also  been  described  as 
a  separate  species.  From  this  on  the  tendency  is  to  break  up  the 
stripes  into  round  spots,  leaving  the  dorsal  margined  with  black. 
With  age  the  spots  disappear  from  the  body  leaving  it  uniform^ 
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and  are  present  only  on  the  fins.  This  adult  has  been  known  as 
Diagramma  punctatum. 

We  see  no  characters  which  would  indicate  that  PUdarhyncTius 
pertU8U8  of  Thunberg  is  a  different  species.  The  subgenus  SpQo- 
Uckthys  Fowler,  represented  by  this  species,  differs  from  typical 
PledorJiynch/us  in  the  smaller  scales  and  few  dorsal  spines.  This 
species  is  conmion  along  the  coast  of  southern  Japan.  It  was  taken 
by  us  at  Onomichi  and  Nagasaki. 

(pidUB,  painted.) 

12.  PLBCTORHTITCHUS  dNCTUS  (Tanmliick  and  Schtofal). 
KOSHODAZ  (noble  poiff7). 

Dtagramma  cinetum  TBMvmcK  and  Sghlbobl,  Fauna  Japonica,  1842,  p.  61,  pi. 
26,  fig.  1  (Nagasaki}.— RicsARDSON,  Ichth.  China  and  Japan,  1846,  p.  226 
(Canton).--Gt}NTHER,  Gat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  325  (China,  Japan, 
Nepal). — ^Blebkeb,  Nieuwe  Nalez.  Verh.  Bat.  Gen.,  vol.  26,  1857,  p.  18, 
No.  117  (name  only),  (Japan,  China).— Nystb5m,  K.  Svenska  Vet.  Akad., 
vol.  13  (Afd.  4),  1887,  No.  4,  p.  11  (Nagasaki).— Stbindachneb  and  D(5dbb- 
LBm,  Beitr.  Fische  Japan's  II,  Denkschr.  kais.  Akad.  Wiss.  Wien.,  vol.  48, 
1883,  p.  11  (Tokyo). 

Pketorhynchtu  cinetum  Blebebb,  Enum.  Poiss.,  Veiii.  kon.  Akad.  Amst.,  vol.  18, 
1879,  p.  7  (name  only),  (Eiusiu  and  Shikoku). 

PketorhyTuhus  cinctus  Stbindachneb,  Reise  Aurora,  Ann.  Nat.  Hofmus.  Wien» 
vol.  11, 1896,  Heft  2,  p.  199  (Inland  Sea  of  Japan). 

Habitat. — Coasts  of  southern  Japan  and  China. 

Description  of  nine  specimens,  five  half-grown  from  Yokohama, 
three  adult  from  Wakanoura,  and  one  from  Misaki,  ranging  from  88 
to  370  mm.  in  length. 

Head  3  in  body  length;  depth  2};  eye  6  in  head;  maxillary  3; 
preorbital  4J;  interorbital  3J;  snout  2^;  D.  XII,  15;  A.  Ill,  7. 
Scales  above  lateral  line  94,  below  65  to  70;  in  transverse  series 
between  insertions  of  dorsal  and  anal,  17/26.    Gill-rakers  8  4- 15. 

Body  deep,  nuchal  region  high,  arched  from  snout  to  insertion  of 
dorsal,  and  less  so  from  insertion  to  base  of  caudal.  Interorbital 
space  arched  from  eye  to  eye.  Mouth  low,  its  tip  below  lower  border 
of  eye  by  half  diameter  of  latter.  Jaws  equal;  maxillaries  ending 
below  or  slightly  before  anterior  margin  of  eyes;  lips  fleshy,  maxillary 
well  sheathed  by  preorbitals.  Nostrils  large,  slit-like.  Preopercular 
margin  finely  serrated.  Opercle  without  spines,  but  with  two 
obscure  points.  Teeth  in  jaws  minute,  blunUy  conical,  in  narrow 
bands  above  and  below;  absent  on  vomer  and  palatines.  Gill-rakers 
slightly  pointed,  short,  one-fourth  of  eye  diameter  in  length. 

Dorsals  deeply  divided.  Fourth  spine  longest,  1§  to  2^  in  head, 
last  3  to  4.  Longest  dorsal  rays  2\  in  head.  Second  anal  spine 
longest,  of  equal  strength  with  third,  former  2  to  2^  in  head,  latter  3. 
Pectoral  short,  1}  in  head,  pointed.  Yentrals  longer,  1^  in  head. 
Caudal  truncate  in  adult,  somewhat  rounded  in  young. 
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Scales  everywhere  ctenoid,  present  on  all  of  head  save  preorbitals, 
snout,  maxillaries,  and  lips,  extending  well  down  over  interorbital 
space,  over  bases  of  soft  vertical  fins  and  present  as  a  low  sheath  at 
base  of  spmous  dorsal. 

Color  of  alcoholic  specimens:  a  curved  dark  band  extending  from 
the  nuchal  region,  just  behind  the  pectorals  to  the  anal  fin,  beconung 
famt  distally;  from  the  third  to  seventh  spines  of  the  dorsal  another 
band  describes  a  parallel  arc  which  ends  at  the  upper  part  of  the  caudal 
root,  becoming  narrower  distally ;  and  along  the  base  of  the  soft  dorsal 
a  third  much  fainter,  short  band.  These  bands  at  their  inception  are 
about  as  broad  as  a  third  of  the  head  length.  Much  deeper  in  color 
than  the  bands  and  distributed  only  through  the  re^on  between  the 
line  of  the  back  and  the  lower  edge  of  the  second  band,  are  numerouB 
spots,  diminishing  in  size  and  intensity  of  coloration  with  age, 
scarcely  larger  than  a  scale  in  adults  but  as  large  as  pupil  in  young. 
The  dorsal  and  caudal  fins  are  colored  as  is  the  body,  save  that  the 
spots  on  the  spinous  dorsal  are  fewer  and  somewhat  larger.  The 
ventrals  are  usually  tipped  with  black,  the  pectorals  are  colorless. 
Peritoneum,  gill  cavity,  and  mouth  lining  colorless. 

This  species  is  not  rare  on  the  southern  coasts  of  Japan.  Our  speci- 
mens are  from  Misaki,  Yokohama,  and  Wakanoura. 

(dnctua,  banded.) 

NOTE  ON  ANOMALODON  BOWDITOH. 

A  genus  of  this  family,  Anonudodan  Bowditch  (Fishes  of  Madeira, 
1825,  p.  237),  allied  to  Pledorhynchus  and  to  Pomadasis,  has  been 
overlooked  by  recent  writers.  It  has  the  dorsal  notched,  and  its  rays, 
D.  XI,  15;  A.  m,  10.  The  species  Anomalodon  incisus  Bowditch 
may  be  the  same  as  Pristipoma  hennetti  Lowe  (D.  XII  or  Xin,  16; 
A.  Ill,  11  or  12)  or  perhaps  PriMipoma  rogeri  Cuvier  and  Valenciennes 
(D.  XII,  15 ;  A.  in,  10)  or  PrislUpoma  peroteti  Cuvier  and  Valenciennes 
(D.  XI,  17;  A.  Ill,  10).  The  genus  Anoradlodon,  if  with  a  chin 
groove,  should  diflfer  from  OrtTiopristis  by  the  notched  dorsal.  If 
without  chin  groove,  Anomdlodon  should  be  compared  with  Isadok 
(conceptionis),  and  with  Parapristipoma. 

9.  Genus  HAPALOGENYS  Richardson. 

Hapdlogenys  Richabdson,  Ann.  Mag.  Nat.  HiBt.,  vol.  13, 1844,  p.  463  (mtem). 
Type. — Hapdlogemfs  nitena   Kichardson  »  (Pogoniaa  mgripinms 
Schlegel). 

Body  compressed,  elevated,  covered  with  moderate  ctenoid  scales. 
Mouth  moderate,  horizontal.  Chin  with  several  pores,  hidden  by  a 
mass  of  shftrt  crowded  barbels  or  papillae,  these  little  developed  in  the 
young;  no  central  groove.  Tip  of  snout  naked,  with  small  papillia. 
Teeth  small,  uniform.    Preopercle  serrate.    One  dorsal,  with  elevaa 
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strong  spines,  an  antrorse  spine  before  it.  Soft  parts  of  vertical  fins 
scaled  at  base.    Caudal  rounded.    Air  bladder  simple. 

This  genus  differs  from  Plect&rhynchus  mainly  in  the  tuft  of  small 
barbels  at  the  chin,  inconspicuous  in  the  young,  and  in  the  antrorse 
dorsal  spine.    The  few  species  belong  to  the  warm  parts  of  Asia. 

(dxaXbc,  soft-haired;  ^iuuc  chin.) 

Key  to  species. 

a}.  Nostrils  small,  nearly  midway  between  eye  and  tip  of  snout;  eyes  moderate;  sec- 
ond anal  spine  short,  3  to  4  in  head;  vertical  fins  very  dark,  the  spinous  dorsal 

edged  with  black;  peritoneum  and  giU  cavity  pale nigripinnis,  13. 

a\  Nostrils  laige,  close  to  eye;  eye  laige;  second  anal  spine  long,  2  to  2}  in  head. 
(1.  Outline  of  spinous  dorsal  straight  or  concave  from  third  to  last  spine;  dorsal 
fin  pale,  maigined  nairowly  with  black;  peritoneum  and  gill  cavity  black. 

mucroTuUus,  14. 
5 '.  Outline  of  spinous  dorsal  rounded;  vertical  fins  black. hiskinottyei,  15. 

la.  HAPALOOSNTS  laORIPmillS  (TemmlnGk  and  Schtofel). 
HSOSBAZ  (beuded  porgy). 

Poffonias  nigtipinnis  Temionck  and  Schlboel,  Fauna  Japonica,  1843,  p.  69, 

pi.  25  (Nagasaki). 
Eapdlogenys  nigripinnis  GDnthbr,  Gat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  317 

(Chinese  Sew). — Stbikdaghnbr,  Reise  Aurora,  Ann.  Nat.  Hofmus.  Wien, 

vol.  11,  1896,  Heft  2,  p.  198  (Kobe,  Hiogo,  or  Nagasaki). — Steindachneb 

andDdDERLsm,  Beitr.  Fische  Japan's,  II,  Denkschr.  kais.  Akad.Wiss.Wien, 

vol.  47,  1883,  p.  10  (Tokyo). 
Hapalogenys  nitens  Richasdson,  Ann.  and  Mag.  Nat.  Hist.,  vol.  13, 1844,  p.  463; 

Voyage  Sulphur,  1846,  p.  84,  pi.  43,  figp.  1,  2  (Canton). 
Hapalogenys  maculatus  Richabdson,  Ichth.  China  and  Japan,  1846,  p.  235 

(Canton). — ^Blbekeb,    Nieuwe    Nalez.    Verb.   Bat.   Gen.,   vol.   26,   1857 

(Nagasaki). 

Habitat. — Coasts  of  southern  Japan  and  China. 

Description  of  three  adult  examples  196,  220,  and  275  mm.  long 
and  two  young  30  and  69  nmi.  in  length,  the  former  from  Wakanoura 
and  the  latter  from  Tsuruga. 

Head  2^  to  2f  in  body;  depth  2;  eye  5^  in  head;  maxillary  2§; 
snout  2J,  preorbital  width  4;  interorbital  4J;  D.  XI,  15;  A.  HI,  9. 
Scales  in  lateral  line  48,  above  66,  below  56;  in  transverse  series 
between  insertions  of  dorsal  and  anal,  11  or  12/20.    Gill-rakers  6  +  14. 

Body  very  deep,  mouth  very  low,  nearly  in  line  with  ventral 
profile,  which  is  almost  straight  from  jaw  to  anal  fin.  Dorsal  profile 
straight,  or  somewhat  concave  before  eyes  from  snout  to  recumbent 
spine  of  dorsal;  then  strongly  arched;  descending  more  gradually  to 
root  of  caudal.  Snout  blunt,  rounded;  interorbital  space  high  in 
adults;  nostrils  somewhat  farther  from  snout  than  from  eyes,  of 
moderate  size.  Mouth  large,  horizontal;  jaws  equal;  maxillaiy 
ending  under  anterior  half  of  eye;  lips  somewhat  fleshy,  papillose; 
lower  jaw  more  distinctly  so,  but  not  well  bearded  in  our  examples. 
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Preopercular  angle  produced  backward  somewhat,  its  margins  finely 
serrated.  Opercle  with  two  small  inconspicuous  flat  spines.  Teeth 
in  jaws  only,  bluntly  conical^  minute,  largest  in  external  rows. 

Dorsal  deeply  divided;  last  dorsal  spine  one-fifth  of  fourth,  -which 
is  longest  and  2  in  head;  spines  strong,  a  stout  procumbent  one  present 
anteriorly.  Spinous  dorsal  outline  roimded,  not  concave.  Rays 
slightly  longer  anteriorly,  2^  in  head.  Anal  spines  stout,  second 
longest  and  strongest,  4  in  head,  third  6;  third  ray  longest,  2}  in 
head.  Pectorals  short,  broad,  their  length  contained  If  ui  head. 
Ventrals  about  equal  to  pectorals.  Caudal  1}  in  head,  its  margin 
rounded. 

Scales  roughly  ctenoid,  lacking  before  nostrils  on  snout  and  jaws, 
replaced  by  papillate  skin;  present  on  exposed  portion  of  maxillary, 
at  bases  of  soft  anal  and  caudal,  and  in  low  sheath  at  base  of  spinous 
dorsal,  not  extending  on  soft  dorsal  or  anal,  save  as  a  minute  row  on 
each  side  of  rays  and  of  dorsal  spines. 

Color  of  alcoholic  specimens  nearly  uniform,  but  showing  traces  of 
dark  bands  much  as  in  Plectorh/ynchv^s  dnetus,  that  is,  a  rather  narrow 
one  from  the  nuchal  region,  down  through  the  area  behind  the  pec- 
toral and  back  in  a  long  arch  to  the  lower  part  of  the  caudal  peduncle; 
another  parallel  to  the  first  from  the  first  dorsal  spines  to  the  upper 
part  of  the  caudal  peduncle;  and  a  third  below  the  soft  dorsal.  Tina 
all  dark,  without  pattern.  A  young  specimen  shows  a  clear  caudal; 
first  dorsal  mai^ined  with  black,  and  second  dorsal  and  anal  with 
colorless  edge.  Peritoneum,  gill  and  mouth  cavities  clear.  The  yoimg 
specimens  have  a  very  much  flatter  interorbital,  eye  4  in  head. 

Gtinther  regards  Hapalogenys  maculcUus  as  a  doubtful  synonym  of 
H.  nigripinnis,^  and  we  see  no  reason  to  question  this,  especidly  as 
our  alcoholic  specimens  have  nearly  lost  the  bands  which  Richardson 
regarded  as  characteristic  of  H,  maculcUus.  Steindachner  found  no 
procumbent  spine  in  his  example,  but  in  our  largest  specimen  this 
was  more  deeply  buried  in  the  flesh  than  in  the  others,  and  his  spedr 
men  was  twice  as  large  (41  cm.). 

This  species  is  rather  common  in  southern  Japan.  We  have 
examples  from  Wakanoura  and  Tsuruga. 

(niger,  black;  pinna,  fin.) 

14.  HAPALOGBHTS  MUCROlffATUS  (Bydou  and  Sontefet). 
HXOXDAX  (bearded  porgr). 

Pristipoma  mturonatum  Eydoux  and  Soulbyet,  Voy.  de  la  BonUe,  1841,  p.  161, 

pi.  2,  fig.  1. 
Hapalogenys  mucrcmatus  Gt^NTHBB,  Oat.  Fiah.  Brit.  Mus.,  vol.  1,  1859,  p.  818 

(China).— Steindachnbr  and  D5d£blbin,  Beitr.  FiBche  Japan's,  II,  Denk* 

1  Cat.  Fish.  Brit.  Kus.,  voL  1, 1860,  p.  817. 


Digitized  by 


Google 


>io.  1875.   THE  JAPANESE  BPARIDJE-^ORDAN  AND  THOMPSON.  553 

flchr.  kais.  Akad.  Wias.  Wien,  vol.  48,  1883,  p.  11  (Osaka).— NybtbQm,  K. 
Svenska  Vet.  Akad.,  vol.  13,  1887,  Aid.  4,  No.  4,  p.  9  (Nag^isaki). 
Hapalogenys  analis  Richa&dbon,  Voyage  Sulphur,  1846,  p.  85,  pi.  43,  fig.  3;  Ichth. 
China  and  Japan,  1846,  p.  235  (Canton). 

Habitat. — Coasts  of  southern  Japan  and  China. 

Description  of  numerous  specimena  from  Kobe,  Onomichi,  and 
Hiroshima,  ranging  from  120  to  155  mm.  in  length. 

Head  28,  depth  2  in  body  length;  eye  3^,  snout  28,  preorbital  5^, 
interorbital  width,  Sf;  maxillary  2^  in  head;  D.  XI,  15;  A.  HI,  10. 
Scales  above  lateral  line  67,  below  59,  with  pores  47,  in  transverse 
series  between  insertions  of  dorsal  and  anal  10/26,  in  vertical  trans- 
verse series  10/19.    Gill-rakers  8  +  15. 

Dorsal  profile  greatly  arched,  ventral  very  little;  outline  of  head 
straight,  or  strongly  concave  just  back  of  eyes,  seemingly  very 
variable  in  this  regard;  back  strongly  arched  at  insertion  of  dorsal, 
but  slightly  so  until  soft  dorsal  is  reached,  where  it  falls  quickly  to 
caudal  peduncle.  Interorbital  region  but  slightly  convex  from  eye 
to  eye.  Nostrils  large,  close  to  eye,  anterior  one  much  the  largest, 
somewhat  tubular,  and  with  small  flap  posteriorly.  Mouth  large, 
maxillary  ending  under  middle  of  eye,  but  little  exposed,  jaws  equal. 
Preopercle  serrate  as  in  J7.  nigripinnis,  post-temporal  and  clavicle 
serrated  more  finely. 

Opercle  with  two  obscure  flat  points  of  equal  size.  Teeth  in  jaws 
conical,  pointed,  regularly  and  closely  arranged,  of  moderate  strength, 
in  four  rows  below  and  above,  the  inner  three  absent  posteriorly. 

Dorsals  deeply  divided,  the  last  spine  equal  to  diameter  of  pupil. 
Spines  very  strong,  third  longest,  I4  in  head  in  adult,  outline  of 
spinous  dorsal  slightly  concave  or  straight,  a  procumbent  spine  pres- 
ent anteriorly.  Longest  dorsal  ray  2 J  in  head,  outline  of  fin  rounded. 
Anal  spines  strong,  second  much  stronger  and  longer  than  third, 
their  lengths  being  contained  respectively  2J  and  4  in  head.  Soft 
anal  truncate  or  slightly  rounded.  Pectorals,  ventrals,  and  caudals, 
!§  in  head,  nearly  of  equal  length  save  for  filaments  on  ventrals. 

Scales  roughly  ctenoid,  present  on  bases  of  vertical  fins  and  a 
minute  row  extending  along  each  side  of  both  spines  and  rays  half 
or  two-thirds  of  the  way  to  their  tips.  A  sheath  also  present  along 
base  of  spinous  dorsal.  Scales  replaced  on  snout,  lips,  maxiUary 
and  lower  jaws  by  papillsa,  which  are  slightly  longer  on  latter  in 
adults. 

Color  on  body  in  broad,  transverse  black  bands,  rather  irregular, 
and  variable.  First  band  from  first  half  of  spinous  dorsal  and  pectoral 
to  ventrals  as  broad  as  length  of  head  without  snout;  second  band 
from  soft  dorsal  narrowing  ventrally;  third  band  above  anal.  Verti- 
cal fins  all  margined  narrowly  with  black;  ventrals  broadly  so;  pec- 
toral clear.    Peritoneum  and  gill  cavity  black,  lining  of  mouth  clear. 


Digitized  by 


Google 


554 


PROCBEDIVQB  OP  TBE  NATIONAL  MUSEUM. 


TOL.  41. 


This  species  is  fairly  abundant  in  southern  Japan, 
are  from  Kobe,  Onomichi,  and  Hiroshima. 
(mucronaius,  having  a  short,  sharp  point.) 


Our  specimens 


15.  HAPALOOBNTS  KISmNOUTKI  { 

Hapaloffeny$  tiMnouyd  Smith  and  Pops,  Proc.  U.  S.  Nat.  Mua.,  vol.  31,  1907, 
p.  476,  fig.  6  (Uiado).    (Type,  Cat.  No.  65610,  U.S.N.M.) 

HoMtat. — Coasts  of  southern  Japan. 

Having  no  specimens  of  this  species,  we  reproduce  the  original 
description. 

Head  2.6  in  length;  depth  2;  eye  3  in  head;  snout  3.4;  interorbital 
4;  dorsal  XII,  14;  anal  UI,  10;  scales  in  lateral  line  50;  gill-rakers 
11  +  5. 


FlO.  3.— HAPALOOOrrS  USHINOXmEL 

Body  short,  high,  much  compressed;  dorsal  outl^e  greatly  arched, 
ventrcd  outline  nearly  straight;  caudal  pedimcle  compressed,  its  least 
depth  3  in  head;  snout  bluntly  pointed;  mouth  moderate,  horizontal, 
the  jaws  about  equal;  maxillary  reaching  to  beyond  anterior  margin 
of  pupil;  jaws  with  villiform  teeth,  the  anterior  larger  and  sharply 
pointed ;  roof  of  mouth  toothless,  but  lined  with  villiform  membranes; 
symphyseal  notch  of  upper  jaw  deep;  4  large  pores  on  lower  side  of 
mandible;  papillsB  on  mandible  minute  and  close-set;  gill-rakers 
short  and  thick;  preopercle  serrate,  the  denticulations  much  coarser 
at  the  roimded  angle;  opercle  with  2  short  spines,  the  lower  the 
sharper;   spinous  dorsal  preceded  by  a  sharp  procumbent  spine  a 
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little  shorter  than  the  first  upright  spine;  all  the  spines  strong,  the 
fourth  the  longest  and  equal  to  distance  from  tip  of  snout  to  posterior 
rim  of  orbit;  the  remaining  spines  graduated;  soft  dorsal  short  and 
rounded,  with  finely  scaled  base;  base  of  spinous  dorsal  about  twice 
length  of  soft  portion;  anal  short  and  rounded,  similar  to  soft  dorsal 
and  preceded  by  3  strong  spines,  of  which  the  second,  the  longest,  is 
0.5  head;  caudal  roimded;  ventrals  with  outer  rays  the  longest; 
scales  finely  ctenoid;  snout  and  chin  naked;  lateral  line  concurrent 
with  dorsal  profile.  Color  in  alcohol  silvery  gray,  with  4  reddish- 
brown  horizontal  bands,  the  first  band  running  along  the  base  of 
spinous  dorsal,  the  second  from  midway  between  eye  and  origin  of 
dorsal  to  middle  of  base  of  soft  dorsal,  the  third  from  eye  to  end  of 
soft  dorsal  at  top  of  caudal  peduncle,  the  fourth  from  cheek  under 
eye  to  end  of  anal  on  caudal  peduncle;  dorsal,  anal,  and  ventrals 
black;  caudal  and  pectorals  slightly  dusky. 

Described  from  a  specimen  115  mm.  long,  collected  by  Dr.  Hugh  M. 
Smith,  at  Urado,  May  10, 1903. 

(Named  for  Kaminichi  Blishinouye,  Imperial  Commissioner  of 
Fisheries  for  Japan.) 

lO.  Genus  SCOLOPSIS  Cuvier. 

Soolopsia  Cuvier,  K^e  Animal,  ed.  1,  1817,  p.  280  (le  Kurite  de  Russell). 
Scohpddea  Guvieb  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  5, 1830,  p.  327; 
same  tyi)e. 

Type, — Scolopsides  Jcurita  Cuvier  and  Valenciennes  {^Anihiaa 
japonicus  Bloch)  a  species  not  yet  known  from  Japan. 

Body  oblong,  symmetrical,  covered  with  rather  large  ctenoid  scales. 
Snout  moderate,  the  mouth  small,  the  jaws  equal.  Teeth  small;  chin 
without  a  central  groove;  no  barbels.  Preorbital  naked,  a  more  or 
less  distinct  spine  hooked  backward  on  the  second  suborbital;  below 
this  usually  are  one  or  more  points.  Pteopercle  sharply  serrate. 
Branchiostegals  6,  the  last  one  very  small.  Dorsal  rays  X,  8.  Anal 
rays  III,  7.    Vertical  fins  scaleless. 

This  genus  is  strongly  distinguished  from  its  relatives  by  the  pres- 
ence of  a  spine  or  hook  on  a  suborbital  bone,  as  also  by  the  shorter 
and  scaleless  vertical  fins.  The  species  all  belong  to  the  East  Indian 
region.  From  the  related  genus  Heterognathodan  it  is  distinguished 
by  the  suborbital  spine,  a  character  little  developed  in  the  Japanese 
species. 

{(7KbXo</f,  a  stake  or  sharp  point  for  impaling.) 

16.  SCOLOPSIS  nnERMIS  (Temmfaitk  and  Sclilef^. 
TAXAOASHZRA  (iNdl  hMd). 

Scolopndes  inermU  Temminck  and  Scrlbobl,  Fauna  Japonica,  1843,  p.  63,  pi.  28, 
fig.  1  (Nagasaki).— Bleekeb,  Nieuwe  Nalez.  Verh.  Bat.  Gen.,  vol.  26, 1867, 
p.  83  (Nagasaki).— Smith  and  Pope,  Proc.  U.  S.  Nat.  Mus.,  vol,  31,  1907, 
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p.  477  (KigOBhima).— Jordan  and  Sntdbr,  Proc.  U.  S.  Nat.  Hub.,  vol.  33, 

1901,  p.  751  (Yokohama);  (not  of  RichardBon). 
Seolopna  inermU  GGnthbh,  Cat.  Fish.  Brit.  Mub.,  yol.  1,  1859,  p.  357  (after 

Bleeker).— Blebkbr,  Atlas  Ichth.,  vol.  8, 1876,  p.  4,  pi.  341,  fig.  5  (Sangir; 

Nagasaki);  Ned.  Tijd.  Dierk.,  vol.  4, 1873,  p.  352.~Stxindachnbr,  Beitr. 

FiBche  Japan's  II,  Denkschr.  kais.  Akad.  Wias.  Wien,  1883,  p.  14  (Kago- 

flhima).— NTBTRdM,  K.  Svenska.  Vet.  Akad.,  vol.  13,  Aid.  4, 1887,  No.  4, 

p.  13  (Nagasaki). 
Eeterognathodon  gtdimmda  Ishikawa,  Prel.  Gat.  Tokyo  Imp.  Mus.,  1897,  p.  54 

(Eagoahima)  (not  of  Guvier  and  Valenciennes). 
Eeterognathodon  ddderleini  Ishikawa,  Prel.  Oat.  Tokyo  Imp.  Mob.,  vol.  1,  1897, 

p.  10,  pi.  4  (Kagoehima,  same  specimen  as  above). 

HahUcU. — Coasts  of  southern  Japan. 

Description  of  a  specimen  153  mm.  in  body  length  from  Nagasaki 

Head  3  in  body;  depth  2§;  eye  3^  in  head;  interorbital  space  4; 
snout  3i;  maxillary  2f ;  D.  X,  9;  A.  Ill,  7;  scales  in  lateral  line  36; 
iu  transverse  series  between  insertion  of  dorsal  and  insertion  of  anal 
3^/10;  gill-rakers  6  +  5;  branchiostegals  6. 

Dorsal  profQe  slightly  more  arched  than  ventral.  Snout  conical; 
interorbital  space  slightly  rounded,  without  raised  edge  of  skin  over 
eyes,  broadening  forward  from  center  of  pupil;  edge  of  orbit  not 
prominent  anteriorly;  preorbitals  flat;  jaws  equal,  maxillary  ending 
under  anterior  margin  of  eye.  Mai^in  of  second  suborbital  bone  with 
four  or  five  serrations  posteriorly,  the  upper  largest,  somewhat  spine- 
like,  contained  four  or  five  times  in  pupil.  Posterior  suborbitals 
finely  serrated  on  lower  edges,  the  retrorse  spine  present  in  other  spe- 
cies rudimentary  or  almost  lacking.  Preopercle  finely  and  closely 
serrate.  Opercle  with  a  small  blunt  spine.  Teeth  in  jaws  small, 
bristlelike,  largest  in  outer  row,  with  a  band  of  smaller  villiform 
teeth  behind.  Gill-rakers  short,  blunt,  with  an  accessoiy  one  on  the 
ceratohyal. 

Fourth  dorsal  spine  highest,  21  in  head ;  last  spine  3  in  head,  nearly 
equal  to  the  following  ray.  Longest  dorsal  ray  2^  in  head.  Second 
and  third  anal  spines  equal,  2f  in  head,  anal  rays  slightly  longer,  of 
nearly  same  length  throughout.  Soft  dorsal  and  anal  outlines  not 
pointed,  but  truncate  or  slightly  rounded.  Ventrals  If  in  head, 
their  spines  three-fourths  of  the  ray  length.  Caudal  forked.  If  in 
bead. 

Scales  slightly  ctenoid,  not  present  on  interorbital  region,  snout, 
suborbitals,  jaws,  or  lower  limb  of  preopercular  margin.  Those  on 
cheek  in  four  rows,  on  opercle  in  six. 

Color  of  entire  fish  bright  light  red  in  life,  with  broad  crossbands  of 
deeper  red.  Alcoholic  specimens  clear  yellow,  slightly  tinged  with 
bronze  above.  Fins  all  clear  and  colorless  save  for  a  hint  of  darker 
spots  on  membrane  of  spinous  dorsal.  Peritoneum  and  gill  cavity 
lining  silvery. 
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We  can  see  no  distinguishing  marks  In  the  specimen  described  by 
Doctor  Ishikawa  as  Beterogrtathodon  ddd^rleini,  and  the  plate  given 
corresponds  very  closely  to  our  specimen  and  to  the  published 
descriptions  of  Scdbpsis  inermis. 

This  handsome  fish  is  generally  common  in  southern  Japan.  We 
saw  it  at  Nagasaki.  Another  species,  Scolopsis  bUineata  (Bloch), 
finely  marked'with  a  pearl-white  stripe,  occurs  in  the  Riu  Bau  Islands 
and  may  reach  Japan.  Scdlopsis  japonica  Bloch  is  not  yet  known 
from  JapaUo 

{inermis,  imarmed.) 

6.  Family  SPARID^. 

Tli«  PO&GXBS  ox  TAI. 

Body  oblong,  or  more  or  less  elevated,  covered  with  rather  large, 
adherent  scales,  which  are  never  truly  ctenoid.  Lateral  line  well 
developed,  concurrent  with  the  back,  not  extending  on  caudal  fin. 
Head  large,  the  crests  on  the  skull  usually  largely  developed.  No 
suborbital  stay.  Mouth  small,  terminal,  low,  and  horizontal.  Pre- 
maxillaries  little  protractile;  maxillary  short,  peculiar  in  form  and  in 
articulation,  without  supplemAital  bone,  for  most  of  its  length  slip- 
ping under  the  edge  of  the  preorbital,  which  forms  a  more  or  less 
distinct  sheath;  preorbital  usually  broad,  teeth  strong,  those  in  front 
of  jaws  conical,  incisorlike  or  molar;  lateral  teeth  of  jaws  conical  and 
sharp  or  more  or  less  blunt  and  molar;  no  teeth  on  vomer  or  palatines 
except  in  Evynnis  and  Neolethrinus,  the  former  with  a  group  on  the 
vomer,  the  latter  having  the  roof  of  the  mouth  with  molar  teeth; 
posterior  nostril  largest,  usually  more  or  less  oblong  or  slitlike;  lower 
pharyngeals  separate;  gills  4,  a  laige  slit  behind  the  fourth;  pseudo- 
branchiaB  large;  gill-rakers  moderate;  gill  membranes  separate,  free 
from  the  isthmus;  preopercle  entire  or  serrulate;  opercle  without 
spines;  sides  of  head  usually  scaly;  dorsal  fin  single,  continuous,  or 
deeply  notched,  the  spines  usually  strong,  depressible  in  a  groove; 
spines  heteracanthous,  that  is,  alternating,  the  one  stronger  on  the 
right  side,  the  other  on  the  left;  the  spines  10  to  13  in  number;  anal 
fin  rather  short,  similar  to  the  soft  dorsal,  and  with  3  spines;  soft 
dorsal  and  anal  fins  naked;  ventral  fins  thoracic,  the  rays  I,  5,  with  a 
more  or  less  distinct  scalelike  appendage  at  base;  caudal  fin  usually 
more  or  less  concave  behind;  air  bladder  present,  usually  simple; 
pyloric  c»ca  few;  vertebras  usually  104-14—24;  intestiiaal  canal 
short.  Carnivorous  shore  fishes  of  the  tropical  seas,  especially  abun- 
dant in  the  Mediterranean,  Red  Sea,  and  West  Indies.  Genera  about 
18,  species  about  115«  most  of  them  much  valued  as  food. 
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jr«y  to  genera. 

a'.  Fiont  teeth  of  jaws  conical,  some  of  them  canine,  none  of  them  incisorlike;  second 
interhsmal  bone  normal,  not  pen-ehaped. 
5^  Lethbinina.    Cheeks  naked;  top  of  head  naked;  upper  teeth  of  jaws  laterally 
in  a  single  series,  conical  or  molar.    Dorsal  spines  10,  body  compressed. 

Lethrinus,  IL 
&>.  Spabisje.    Cheeks  scaly, 
c*.  Lateral  teeth  of  jaws  conical;  no  molar  teeth. 
(P .  Cheeks  with  three  rows  of  large  scales ;  body  rather  elongate ;  top  of  head  scaly. 
Canines  moderate,  in  upper  jaw  only;  none  of  the  dorsal  spines  filamentous; 

the  spines  not  exserted  beyond  the  membranes Euthyopteroma^  12. 

'  iP.  Cheeks  with  more  than  three  rows  of  scales;  body  rather  deeper. 

^.  Top  of  head  naked;  canines  moderate;  in  both  jaws;  doisal  spines 

low,  10  in  number Gymnoaranitu,  13. 

^.  Top  of  head  scaly;  limb  of  preopercle  scaly;  lateral  teeth  of  jaws  in  one 

series,  conical,  not  molar,  and  with  a  band  of  small  granular  teeth; 

canines  strong  in  both  jaws;  dorsal  spines  low,  12  in  number.  Taitu,  14. 

€?.  Lateral  teeth  in  jaws  molar;  upper  molars  in  two  or  more  series;  top  of  head 

scaly;  scales  on  cheeks  in  several  rows. 

/^.  Vomer  with  a  few  conical  teeth  in  front;  third  and  fourth  dorsal 
spines  elevated;  molars  in  two  series,  preopercular  limb  naked; 
frontal  bone  spongy;  supiaoccipital  crest  extending  well  for- 
ward  * Evynnis^  15. 

/".  Vomer  toothless. 

g^.  Molars  in  two  series;  color  crimson  or  yellowish;  preopercular 
limb  usuaUy  with  some  scales;  parietal  crests  of  cranium  very 
low;  supraoccipital  crest  not  extending  far  forward;  none  of 

the  dorsal  spines  elevated Pagroeomus^  16. 

f^.  Molars  in  three  or  more  series;  parietal  crests  of  cranium  mod- 
erate; color  olive  silvery,  preopercular  limb  naked . .  Spants^  17. 

11.  Genus  LETHRINUS  Cuvier. 
Lethrinus  Cuvier,  R^e  Animal,  ed.  2, 1829. 

Type. — Sparus  chBrorhyrickus  Bloch  and  Schneider. 

Body  oblong,  compressed,  covered  with  rather  large  scales.  Snout 
moderate  (much  prolonged  in  the  allied  genus  LeiliHnella)]  jaws  with 
canine  teeth  in  front ;  a  single  series  laterally  of  conical  or  molar  teeth. 
No  teeth  on  vomer.  Cheeks  naked,  top  of  head  naked;  preopercle 
naked.  D.  X,  9;  A.  Ill,  8.  Dorsal  spines  low,  their  membranes 
somewhat  notched.  Pyloric  caBca  two  or  three;  air  bladder  notched 
posteriorly,  with  short  lateral  appendages.  Angle  of  mouth  red 
within,  as  in  HsemuUm. 

Species  numerous,  largely  of  the  East  Indian  seas.  Superficially 
they  resemble  the  species  of  Luiianus. 

We  separate  as  a  new  subgenus  Lethrinichihys,  those  species  with- 
out molar  teeth,  the  type  being  Lethrinus  iiematacavihvs. 

(Ji-QOpivoCi  a  name  unexplained.) 
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Key  to  Japanese  species. 

aK  Leihrmiehihys.    Lateral  teeth  of  jaws  conical,  not  molar. 
6^  Second  doraal  spine  filamentous,  1^  in  head.    Six  rows  of  scales  above  lateral 

line.    Depth  3  in  length neTnataoanihus,  17. 

h^.  Second  dorsal  spine  not  elevated,  longest  dorsal  spine  2|  to  3  in  head.    Centers 
of  the  scales  darker;  vertical  fins  red  in  life.    Five  rows  of  scales  above  lateral 

line.    Depth  2}  in  length hsBTnaiopteruSf  18. 

a^.  Lethrinus,    Lateral  teeth  of  jaws  distinctly  blunt  and  molar. 

c'.  Six  rows  of  scales  above  lateral  line.    Depth  2f  in  length  . . .  .ehoarorhynchus,  19. 

17.  LBTHRIHUB  HBMATACAMTUUS  Blednr* 

JUJBJrUJUDAZ  (iliite-iiuratli  porgy);  KVCHIBIDAZ  (z«d-auMtth  posfy). 

LetkriniLS  nematacanthus  Blbekbr,  Japan,  Nat.  Tijd.  Ned.  Ind.,  vol.  6,  1854, 
p.  403  (Nagasaki);  Nieuwe  Nalez.  Verb.  Bat.  Gen.,  vol.  26, 1857,  p.  90,  pi.  6; 
Ned.  Tidj.  Dierk,  vol.  4,  1873,  p.  327.— OtJNTHEB,  Cat.  Fish.  Brit.  Mus., 
vol.  1, 1859,  p.  456  (Louisiade  Archipelago). — Bleeker,  Atlas  Ichth.,  vol.  8, 
1877,  p.  114,  pi.  337,  fig.  3  (Amboyna).— Evebmann  and  Sbale,  Bull.  U.  S. 
Bur.  Fish.,  vol.  26,  1906,  p.  86  (Bulan,  Philippine  Islands).— Jordan  and 
Sntdbr,  C^eck  list,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and  3, 1901,  p.  80. 

Habitat. — ^East  Indies,  north  to  southern  Japan. 

Description  of  five  specimens  from  Wakanoura,  two  from  Tokyo, 
the  Imperial  University,  one  from  Bulan,  Philippine  Islands,  and  one 
from  Moreton  Bay,  Australia.  Body  lengths  vaiying  from  110  to 
163  mm. 

Head  2f  to  3  in  body  length;  depth  2|  to  3^;  eye  3^  to  3^  in  head; 
snout  2i  to  2^;  D.  X,  9;  A.  Ill,  8;  scales  in  lateral  line  48,  in  trans- 
verse series  to  insertions  of  dorsal  and  anal  fins  6/14;  giU-rakers  4 
to  6  +  6. 

Dorsal  and  ventral  profiles  of  body  equally  and  evenly  arched  from 
snout  to  caudal.  Upper  profile  of  snout  straight  or  slightly  convex, 
never  concave  or  with  tip  produced.  Preorbital  depth  contained  3 
to  3 J  in  head;  width  of  preopercle  at  angle  about  one-half  eye  diam- 
eter, its  margin  very  flexible,  the  posterior  one  nearly  vertical.  Nos- 
trils closer  together  than  the  posterior  one  is  to  the  eye.  Prefrontals 
more  prominent  than  usual,  the  interorbital  space  broadening  ante- 
riorly, at  its  narrowest  point  somewhat  less  in  breadth  than  the  eye. 
Maxillaries  ending  under  anterior  margin  of  eye,  well  hidden  by 
prefrontals,  which  cover  their  posterior  halves,  as  well  as  the  angle 
of  the  mouth.  Jaws  with  a  single  row  of  rather  large  conical  teeth, 
becoming  smaller  and  more  acute  anteriorly,  where  they  form  a  band 
behind  the  canines.  These  teeth  more  obtuse  posteriorly,  only  those 
of  the  upper  jaw  blunt  enough  to  be  called  molar.  Lower  jaw  ante- 
riorly with  two  canines  on  each  side,  the  outermost  pointing  slightly 
back  and  outward  in  tusklike  fashion.  Upper  jaw  with  two  on  a 
Bide.    Canines  varying,  worn  blunt  and  short  in  some  specimens. 
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Dorsal  spines  weak,  flexible;  second  filamentous,  H  in  bend  in 
best  preserved  specimen;  third  about  2  in  head;  last  spine  a  tiifle 
longer  than  penultimate,  31  in  head.  Succeeding  dorsal  rays  soiaft- 
what  longer  than  last  spine.  Second  and  third  anal  spines  equal  in 
strength,  third  a  little  longer,  3  in  head.  Anal  rays  subequal,  2|  in 
head.  Pectoral  reaching  anus,  li  in  head.  Yentrals  reaching  fiist  | 
anal  spine,  somewhat  shorter  than  pectorals. 

Scales  strongly  ctenoid.  Temporal  band  in  a  double  row.  Lateral 
line  little  arched,  without  strong  bend  at  root  of  caudal. 

Body  with  small  irregular  blotches  on  sides,  arranged  in  verj 
indistinct  transverse  stripes;  a  spot  two-thirds  the  size  of  the  eye, 
below  seventh  scale  of  lateral  line.  Dorsum  of  head  dark,  with  as 
indistinct  band  between  the  eyes.  Cheeks  with  small  sinuate  streab 
of  dark.     Premaxillaries  tipped  with  dark.     Dorsal  fin  with  three 


PlO.  4.~LS1BBINIT9  NniATAClNTHUS. 

rows  of  spots  on  spines,  two  on  soft  fins;  caudal  with  five  or  six 
transverse  bands  of  these  spots,  anal  with  one  or  two;  ventrals  with 
four  or  five;  pectorals  colorless.    Color  patterns  badly  preserved. 

In  life,  olive  green,  with  irregular  dark  bands  and  dull  yellow  spots. 
Cheeks  vermiculate  with  pearly  blue,  a  characteristic  mark;  an^eof 
mouth  red;  fins  barred  with  dull  orange  and  yellowish. 

This  species  is  rather  common  in  southern  Japan.  It  was  seen  hj 
us  at  Tokyo  and  at  Wakanoura. 

(ufjfia,  thread;  bxaa^a,  spine.) 

18.  LBTHRmUS  BLfiMATOPTERUS  Temmliick  and  SdUegeL 

ITOF  U X JT  U  KID AI  (thread  flute-month  porgy)* 

Letkrinus  hssmatopterus  Temhinck  and  Schlegbl,  Fauna  Japonica,  1844,  p.  74i 
pi.  38  (southwest  coast  of  Japan). — Richabdson,  Voyage  Sulphtar,  1846,  p.  144i 
pi.  64,  figs.  1-3  (China).— Blbbkbr,  Nieuwe  Nalez.  Verh.  Bat.  Gen.,  vol.  26, 
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1857,  p.  91  (Nagasaki).— Enbr,  Reise  Novara,  Fisch.,  1860,  p.  80  (Manila).— 
Blbeker,  ReviB.  Lethrini,  Ned.  Tidj.  Dierk.,  vol.  4,  1873,  p.  323;  Atlas 
Ichth.,  vol.  8,  1877,  p.  112,  pi.  331,  fig.  4  [Amboyna,  Manila  (Luzon)].— 
Jordan  and  Sntder,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and  3, 1901, 
p.  80  (Riu  Kiu).— EvBRMANN  and  Sbalb,  Bull.  U.  S.  Bur.  Fish.,  vol.  26, 
1907,  p.  86  (Bacon,  Philippine  Islands). 
Leikrima  richardsonii  G^nther,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  466 
(China  8ea). 

HdbitcU. — ^East  Indies,  north  to  southern  Japan  and  China. 

Description  of  six  specimens  from  Nagasald,  ranging  from  112  to 
195  mm.  in  body  length. 

Head  2f  in  body  length,  depth  2f ;  eye  4 J  in  head;  snout  2;  D.  X,  9; 
A.  Ill,  8;  scales  in  lateral  line  49;  in  transverse  series  between 
insertions  of  dorsal  and  anal  6/16;  gill-rakers  5  +  5. 

Dorsal  profile  of  body  more  arched  than  ventral,  that  of  head 
straight  from  snout  to  occiput.  Depth  of  preorbital  2|  in  head; 
width  of  preopercle  at  angle  If  in  eye,  its^margin  flexible,  its  posterior 
limb  extending  somewhat  forward  from  vertical.  Nostrils  farther 
apart  than  the  distance  between  the  eye  and  the  posterior  one.  Pre- 
frontals not  very  prominent;  interorbital  region  broadening  but  little, 
about  4  in  head.  Maxillary  not  entirely  sheathed  by  preorbital, 
ending  under  anterior  nostril.  Teeth  in  jaws  conical,  in  a  single  row, 
becoming  smaller  anteriorly,  where  a  patch  of  bristlelike  teeth  lie 
behind  the  canines;  no  true  molar  teeth.  Two  canines  on  either 
side  in  both  jaws,  the  outenjiost  largest  below. 

Dorsal  spines  rather  stout,  none  filamentous,  third  and  fourth 
longest,  2i  in  head;  last  two  of  equal  length,  3 J  in  head.  Dorsal 
rays  a  third  longer  than  spines.  Anal  spines  similar  to  those  of 
dorsal,  second  3^  in  head,  third  3f.  Anal  rays  one-fourth  longer 
than  third  spine.  Pectorals  1^  in  head,  reaching  first  anal  spine. 
Ventrals  If  in  head. 

Scales  roughly  ctenoid.  Lateral  line  moderately  arched.  Tem- 
poral band  of  scales  double. 

Color  in  alcohol  uniform,  save  for  the  darker  center  of  scales  above 
the  lateral  line,  a  darker  area  at  the  root  of  the  caudal,  and  indica- 
tions of  rows  of  spots  on  soft  dorsal,  anal,  and  ventrals.  A  young 
specimen  shows  an  almost  entirely  faded  black  spot  between  the 
pectoral  and  lateral  line,  and  by  looking  closely  indications  of  this 
can  be  seen  in  the  larger  specimens. 

In  life,  with  dull  orange  crossbands  and  pale  blue  spots  which  fade 
at  death,  a  dusky  shoulder  blotch;  fins  dull  orange:  inside  of  mouth 
with  orange. 

In  the  adults  the  eye  is  not  as  broad  as  the  interorbital  space,  is 

contained  twice  in  the  snout,  and  the  dorsal  spiaes  are  shorter  than 

in  this  young  specimen.     In  the  latter  the  eye  is  broader  than  the 

interorbital  space  and  contained  If  in  the  snout.    These   would 
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cover  the  differences  between  L,  ru^hardsonii  Gunther  and  L.  haanor 
topterus  Bleeker.  The  sharpness  of  the  lateral  teeth,  size  of  the  eye, 
and  height  of  the  dorsal  spines  are  all  age  marks.  Kner'  is  prob- 
ably right  in  calling  these  one  species. 

This  fish  k  rather  common  in  southern  Japan.  We  saw  it  in 
Nagasaki. 

{ailia,  blood;  ircepoi,  fin.) 

19.  LBTHSINnS  CHCBRORHTNCHUS  (Bloch  and  ScfaneUeff). 

Sparus  chcerorhynchtu  Bloch  and  Schneider,  Syst.  Ichth.,  1801,  p.  278  (Japu}. 
Lethrinus  Juematoptenu  Gi)NTHBR,  Oat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  469  (So 

of  Japan),  (not  of  Temminck  and  Schickel). 
Lethrintu  gUntheri  Blbbkbr,  Arch.  Neerl.  8()c,  Holl.  Science,  Haarlem.,  vol  8, 

1872,  pp.  153-154,  fig.  (Kiufliu,  Nagasaki). 
Lethrinus  riduxrckonii  Jordan  and  Evermann,  Proc.  U.  S.  Nat.  Mus.,  vol.  25, 

1903,  p.  350  (Keerun,  Formosa),  (not  of  Gflnther). 

Habitat. — Southern  Japan  and  Formoia. 

Description  after  Bleeker,  in  the  absence  of  a  well-preserved  speci- 
men. 

Head  3  in  body,  4  in  total  length;  depth  2^  in  body,  3^  in  total 
length;  eye  3  in  head;  interorbital  space  4;  D.  X,  9  or  10;  A.  Ill,  8 
or  9;  scales  in  lateral  line  48;  in  transverse  series  6/16  or  17. 

Breadth  of  body  2^  in  its  depth;  head  somewhat  acute,  its  height 
equal  to  its  depth;  upper  profile  of  head  somewhat  convex  before 
eyes,  slightly  concave  on  snout;  nostrils  distant,  anterior  tubular, 
valved;  snout  little  longer  than  eye;  suborbital  breadth  a  little 
less  than  eye  diameter;  jaws  equal,  maxillary  ending  before  the 
eye,  3  in  head;  lower  jaw  2f  to  2 J  in  head.  Teeth  in  jaws  in  many 
series  in  front,  laterally  and  posteriorly  in  one  row;  two  curved 
canines  in  front  of  both  jaws,  moderate  in  size  in  upper,  small  in  lower 
jaw;  lateral  series  of  about  12  teeth,  anteriorly  conical,  acute  or 
obtuse,  posteriorly  rounded  molars.  Lips  fleshy;  opercular  spine 
indistinct. 

Dorsal  spines  moderately  stiff,  middle  ones  longest  3  in  depth  of 
body;  dorsal  rays  a  little  higher;  pectorals  longer  than  ventrals,  a 
little  shorter  than  head;  anal  spines  moderate,  second  and  third 
subequal,  shorter  than  first  ray,  soft  fin  a  little  longer  than  high,  con- 
vex, angulated  posteriorly.  Caudal  moderately  emarginate,  lobes 
acute,  slightly  shorter  than  head. 

Color  of  body  above  olivaceous,  below  golden;  iris  yellow  or  red- 
dish; fins  reddish  or  yellow.  Our  young  specimen  shows  a  distinct 
blotch  between  the  pectoral  and  lateral  line. 

Bleeker  remarks  that  this  is  distinguished  from  the  true  JiserMtiop- 
terns  by  one  more  row  of  scales  above  the  lateral  line  and  by  the 
rounded  molars  of  the  jaws,  which,  he  says,  are  different  in  fishes  of 


t  Novan  Reise,  Flaohe,  1860. 
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the  same  ages.  Qunther's  L,  hasmaiopterus  was  a  much  larger  fish 
and  had  a  smaller  eye^  which  was  contained  twice  and  a  third  in  the 
snout  and  was  not  equal  to  the  interorbital  space.  Our  small  speci- 
men, labeled  Lethrinus  richardsoni,  from  Formosa,  fits  Bleeker's 
description  weU  save  for  a  lesser  depth  and  corroborates  his  differ- 
entiating marks,  i.  e.,  the  molars  and  the  six  rows  of  scales  above  the 
lateral  hne.  There  appear  to  be  only  two  specimens  of  this  recorded 
besides  ours  and  that  of  Bloch  and  Schneider. 

There  is  not  much  doubt  that  this  is  the  original  Spams  chosro- 
rhynch/u8  of  Bloch  and  Schneider,  described  from  Japan.  It  is  a 
species  with  broad  body,  clouded  in  color,  with  the  anterior  teeth 
conic,  the  posterior  molar,  the  opercles  scaly,  the  cheeks  naked. 
D.  X,  9;  A.  Ill,  11. 

(xo'ipoCt  pig;  ^rZ<Ky  snout.) 

12.  Genus  EUTHYOPTEROMA  Fowler. 
Euthyopteroma  Fowler,  Joum.  Acad.  Nat.  Sci.  Phila.,  1904,  p.  627  (bloddi). 

Type. — Dentex  hlochii  Bleeker  «/Span«  japonicus  Bloch. 

Body  rather  elongate,  covered  with  rather  large  ctenoid  scales; 
about  50  in  the  lateral  line;  mouth  rather  small,  the  jaws  equal; 
upper  jaw  with  small  canine  teeth,  none  in  the  lower  jaw;  lateral 
teeth  pointed,  no  molars;  suborbitals  imarmed;  preopercle  coarsely 
or  finely  serrulate;  cheeks  with  three  series  of  large  scales;  top  of  head 
scaly;  preopercle  naked,  opercle  without  spine.  Branchiostegals  6; 
air  bladder  notched.  Dorsal  rays  X,  9;  anal  III,  7.  Soft  dorsal  and 
anal  scaleless,  no  sheath  of  scales  at  their  base.  Spines  feeble,  some- 
times filamentous;  caudal  deeply  forked,  the  upper 'lobe  sometimes 
filamentous. 

Species  nxmierous  in  the  East  Indian  region,  mostly  brightly 
colored,  and  showing  analogies  to  Aprion  and  Pristipomoides,  The 
genus  is  close  to  the  European  genus  Dentex,  differing  in  the  more 
elongate  body  and  the  much  larger  scales  on  the  cheek. 

We  here  accept  Fowler's  division  of  the  genus  Nemipterua 
Swainson^DerUex  Bleeker,  not  of  Cxxvier  ^  ==  Synagris  Gunther. 

In  this  group  the  following  genera  or  subgenera  may  be  recognized: 

a^  Lower  jaw  as  well  as  upper  with  distinct  canines;  dorsal  spines  low,  the  mem- 
branes not  notched,  none  of  the  spines  or  rays  filamentous. 

Synagria  (^Anemvra), 
a'.  Lower  jaw  without  distinct  canines. 
b^.  Dorsal  spines  all  low,  with  the  membranes  not  notched,  the  spines  scarcely 

exserted Euthyopteroma. 

b^.  Dorsal  spines  unequal,  the  first  two  (or  one)  produced  in  long  filaments,  the 
membranes  of  the  others  not  notched,  the  other  spines  scarcely  exserted. 

Nemipterua. 

h^.  Dorsal  spines  unequal,    the  middle   ones   highest,  their  membranes  deeply 

notched,  so  that  the  tips  of  the  spines  are  largely  free OdontoglyphU. 

^Tbe  genus  i>«ftfex  of  Cttvler  Is  baaed  disttoctly  on  i92»rt»  detUex  of  Ltmunis,  a  Ifediteiranean  species. 
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The  following  is  the  synonymy  of  the  sections  or  genera  included 
under  Nemipterus  and  Synoffris. 

Nemipterus  Swainson,  Nat.  Hist.  Class.  Anim.,  vol.  2,  1839,  pp.  172,  223  (JUa- 

Tnentosus^nematophorua)  (dorsal  spines  caudal  and  rentzal  filamentous). 
SynagrU  GOntheb,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  373  (fwrcoms,  etc.). 
Dentex  Blbeksr,  Atlas  Ichth.,  vol.  8,  p.  83  (tsenioptenui);  not  of  Cuvier. 
Anemtara  Fowler,  Joum.  Acad.  Nat.  Sci.  Phila.,  1904,  p.  627  (notatua). 
Odontoglyphis  Fowleb,  Joum.  Acad.  Nat.  Sci.  Phila.,  1904,  p.  527  (tolu),. 
Euthyopteroma  Fowler,  Joum.  Acad.  Nat.  Sci.  Phila.,  1904,  p.  527  (blothn), 

{s(j6uc,  straight;  Tnkpofjui,  fin  system.) 

Key  to  species. 

2*.  Upper  lobe  of  caudal  filamentous. 

6*.  Preorbital  width  4  J  in  head,  without  distinct  concavity  near  edge  of  maxillary. 
Side  of  body  with  a  bright  yellow  streak  which  never  fades  in  preservation, 
this  obsolete  in  young;  sides  in  life  with  other  yellow  stripes. . .  virgatum  20. 

b'.  Preorbital  narrow,  its  width  7  in  head,  the  suborbital  region  with  a  distinct  con- 
cavity near  edge  of  maxillary.  Side  of  body  without  permanent  yellow 
streak,  but  with  stripes  of  brassy  and  golden  in  life bathybiumt  21. 

20.  EUTHYOPTEROMA  VIROATUM  (Houttuyn). 
ITOTORI  (twlitad  thn&d,  prob&bly  from  the  yellow  itripe  on  ilde). 

Sparus  virgatus  Houtfuyn,  HoU.  Maat.  Wet.  Haarlem,  vol.  20,  Beel  2,  1782, 

p.  3  (Nagasaki). 
Nemipterus  virgatus  Jordan  and  Evermann,  Proc.  U.  S.  Nat.  Mus.,  vol.  25, 
1903,  p.  346  (Keerun,  Formosa).— Jordan  and  Richardson  Fishes  Formosa, 

Mem.  Carnegie  Mus.,  vol.  4,  No.  4,  1909,  p.  186  (Keerun). 
Sparus  sinensis  Lac^p^de,  Hist.  Nat.  Poiss.,  vol.  4,  1803,  p.  46  (China,  Japan). 
Synagris  sinensis  GIjnthbr,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  379  (China); 

Steindacpner  and  Doderlein,  Beitr.  Fische  Japan's,  II,  Denkschr.  kais. 

Akad.  Wiss.  Wien,  vol.  48,  1883,  p.  16  (Tokyo,  Tango,  Kochi,  Osima).— 

Steindachner,  Reise -Aurora,  Ann.  Nat.  Hofmus.  Wien,  vol.  11,  Heft  2, 1896, 

p  200  (Kobe  or  Nagasaki). 
Nemipterus  sinensis  Jordan  and  Snyder,  Check  List,  Ann.  Zool.  Jap.,  vol.  3, 

pts.  2  and  3,  1901,  p.  77. 
Dentex  setigerus  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  6,  1830, 

p.  253  (Japan). — Temminck  and  Sghleoel,  Faiina  Japonica,  1844,  p.  73, 

pi.  37,  fig.  1  (Nagasaki). 

•  Hdbitat. — Coast  of  southern  Japan  and  Formosa. 

Description  of  four  specimens  from  Tokj'^o  and  Nagasaki  and  one 
from  Keerun,  Formosa,  the  longest  330  mm.  in  total  length  without 
the  caudal  filament. 

Head  3i  in  body,  4J  in  total  length;  depth  3 J  in  body,  41  in  total; 
eye  5  in  head  (in  adult);  snout  2§  to  35;  maxillary  2f ;  D.  X,  9; 
A.  Ill,  8.  Scales  in  lateral  line  49,  in  transverse  series  from  insertion 
of  dorsal  to  insertion  of  anal  3J/10. 

Body  somewhat  elongate,  little  compressed,  its  width  one-half  its 
depth;  dorsal  and  ventral  profiles  similar.  Head  small,  its  dorsal 
outline  somewhat  arched,  as  it  is  in  cross  section.  Eye  small,  3  J  in 
head  in  a  young  specimen  170  mm.  in  total  length,  5  in  head  in  one 
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330  nun.  in  total  length.  Preorbital  nearly  quadrate,  its  posterior 
margin  oblique.  Maxillary  largely  sheathed,  reaching  barely  to  front 
of  eye,  mouth  small.  Preopercular  margin  slightly  serrate,  with  a 
narrow  dermal  edge.  Opercle  with  two  flat  points.  Four  or  five 
small  recurved  canines  in  premaxillaries  on  either  side  of  tip  of  upper 
jaw.  Outer  row  on  either  side  slightly  enlarged,  inner  band  narrow, 
villiform.  In  lower  jaw  an  outer  row  anteriorly  only.  Inner  row 
becomes  single  and  enlai^ed  somewhat  laterally,  although  a  villiform 
band  anteriorly.  Oill-rakers  very  short  and  stumplike,  6+8  in 
number. 

Dorsal  spines  rather  weak  and  flexible,  of  nearly  equal  length,  2§ 
in  head.  Dorsal  rays  of  equal  length  with  spines,  the  last  slightly 
longer.  Anal  spines  also  weak,  third  longest,  3  in  head,  first  two- 
thirds  length  of  third.     Anal  rays  similar  in  length  to  those  of  dorsal. 


FlO.  5.— EUTHTOPTKBOMA  yntQATUlf. 

Pectorals  and  ventrals  subequal,  nearly  equal  to  length  of  head. 
Caudal  deeply  forked,  the  upper  lobe  prolonged  into  a  filament  nearly 
equal  to  length  of  head,  and  its  length  from  base  of  caudal  four  times 
that  of  middle  caudal  rays. 

Scales  large,  finely  ctenoid;  present  across  occiput,  on  cheeks, 
opercle,  sub-  and  interopercle,  not  on  limbs  of  preopercle  or  preor- 
bitals.     Scales  on  cheeks  large,  in  three  rows. 

Color  of  alcoholic  specimen  silvery,  darker  above,  more  or  less 
bright  red  in  life.  A  narrow  line  of  intense  and  permanent  yellow 
extending  from  angle  of  opercle  straight  to  upper  rays  of  caudal, 
another  parallel  to  it,  one  row  of  scales  above  lateral  line,  but  broader 
and  fainter  anteriorly  and  ending  at  last  rays  of  soft  dorsal.  Fol- 
lowing rows  of  scales,  or  rather  between  them,  below  lateral  line  6  or  7 
silvery  stripes  as  broad  as  pupil.  In  young  fish  the  yellow  lines 
have  disappeared. 
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This  beautiful  fish  is  common  in  southern  Japan.  Our  specimens 
are  from  Tokyo  and  Nagasaki. 

(virgatus,  streaked,  from  the  yellow  line.) 

The  following  is  the  substance  of  Houttuyn's  account  of  his  Spams 
virgainia: 

The  stripes  of  the  scales  plainer  and  much  lai^r.  In  this  respect,  as  also  in  shape, 
it  is  similar  to  the  Salpa  of  authors,  which  has  on  its  side  eleven  stripes  of  a  golden 
hue.  It  is  hence  called  in  French  "Yiigadelle.''  The  body  is  ovsd  and  flat,  the 
head  is  blunt,  the  tail  fork-shaped.  In  the  dorsal  I  count  8  bony  and  10  limber 
rays.    P.  12;  A.  II,  8;  V.  6;  C.  22.    My  specimen  is  5}  inches  long. 

21.  BUTHYOPTBROMA  BATHTBIUM  (Snyder). 

Nemipterus  bathybius  Sntder,  Proc.  U.  S.  Nat.  Mus.,   vol.  40,  1911,  p.  532. 
(Kagoshima). 

The  following  is  Professor  Snyder's  description  of  this  species. 
We  present  a  figure  of  his  type-specimen  from  Kagoshima. 


FlO.  6.— EUTHTOPTBEOMA  BATHTBIUM. 

Three  specimens  of  a  Euthyopteroma  which  appears  to  be  nnde- 
scribed,  were  purchased  in  the  Kagoshima  market.  The  width  of 
the  suborbital  at  the  narrow;est  point  is  not  over  half  the  diameter 
of  eye,  the  maxillary  extends  to  a  point  below  anterior  edge  of  pupil, 
there  are  3  or  4  canines  on  either  side  of  upper  jaw,  the  dorsal  fin 
13  not  filamentous,  the  last  spine  is  highest,  the  upper  lobe  of  the 
caudal  is  falcate,  the  ventrals  extend  to  origin  of  anal,  and  there 
are  46  scales  in  the  lateral  line. 

The  species  appears  to  be  related  to  Nemipterus  japonicas  (Bloch), 
a  species  probably  from  Java,  and  not  as  yet  known  from  Japan. 
When  compared  with  specimens  of  the^  latter  from  Cavite,  E. 
hathyiius  may  be  easily  distinguished  by  the  narrower  preorbital 
which  is  deeply  concave  on  its  ventral  edge. 

Head  3.2  in  length  to  base  of  caudal;  depth  3.4;  depth  of  caudal 
peduncle  3  in  head;  eye  3.6;  snout  3.2;  maxillary  2.6;  width  inter- 
orbital  space  4;  D.  X,  9;  A.  Ill,  7;  scales  in  lateral  line  45;  between 
lateral  line  and  base  of  dorsal  3;  between  lateral  line  and  origin  of 
anal,  obliquely  downward  and  backward  9. 
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The  interorbital  space  is  convex;  the  snout  rather  pointed;  sub- 
orbital area  narrow,  the  width  contained  about  2.2  times  in  the 
longitudinal  diameter  of  eye,  tibe  ventral  edge  with  a  deep  and  rather 
abrupt  concavity  near  end  of  maxillary;  the  concavity  together  with 
the  convex  posterior  edge  giving  the  suborbital  a  distinctive  form. 
Edge  of  preopercle  smooth  except  for  some  very  minute  denticula- 
tions  at  its  upper  edge.  Maxillary  extending  to  anterior  edge  of 
pupil.  Teeth  of  upper  jaw  villiform,  an  enlarged  outer  row  with 
3  or  4  canines  on  either  side  anteriorly;  lower  jaw  with  2  rows  of 
comparatively  strong  teeth  anteriorly,  a  single  row  of  enlarged  teeth 
along  the  sides.  GiU-rakers  short  and  stubby,  4  +  9  on  the  first 
arch.    Opercle  with  3  rows  of  scales. 

Dorsal  spines  high,  rather  slender  and  acute,  the  membrane  not 
incised  between  their  tips;  last  3  spines  longest,  about  2.4  in  head; 
anterior  rays  equal  in  height  to  the  preceding  spines,  the  posterior 
ones  somewhat  longer.  Second  anal  spine  intermediate  in  height 
between  the  first  and  third,  7.5  in  head;  last  ray  2.3  in  head.  Lower 
lobe  of  caudal  pointed,  1.3  in  head;  upper  lobe  falcate,  a  little  over 
twice  as  long  as  the  lower;  edge  of  caudal  deeply  emai^inate.  Ven- 
trals  reaching  origin  of  anal.  Pectorals  acutely  pointed,  equal  in 
length  to  ventrals. 

In  life  the  body  was  bright  silvery  with  a  pinldsh  tinge  and  pearly 
reflections;  a  narrow  lemon  yellow  stripe  extends  from  upper  edge 
of  axil  to  middle  of  caudal  peduncle,  a  faint  brassy  stripe  along  base 
of  dorsal,  a  wide  red  stripe  above  lateral  line,  lateral  line  bordered 
by  a  light  stripe  with  pearly  reflections,  below  which  is  a  brassy 
stripe  narrowly  bordered  by  dark  pink;  head  pinkish,  the  snout  pur- 
ple; chin,  breast,  throat,  belly,  and  lower  surface  of  tail  bright  lemon 
yellow;  dorsal  translucent,  the  edge  yellowish  orange;  vermicula- 
tions  of  lemon  on  membrane  of  fin;  caudal  bright  pink,  the  filamen- 
tous rays  yellow,  becoming  orange  toward  tip,  upper  edge  of  fin 
orange;  anal  and  ventrals  translucent;  pectorals  pink. 

In  spirits  the  body  is  rather  reddish  above,  plain  silvery  below, 
all  the  bright  tints  having  disappeared  and  no  indication  of  the 
stripes  remaining. 

Type-specimen  280  mm.  long  including  the  caudal  filamfent. 
Locality  Kagoshima,  Japan.  Two  smaller  examples  are  like  the 
type  except  that  the  ventrals  are  slightly  shorter. 

NOTE  ON  DENTEX  THUNBERGI. 

A  species  of  Sparoid  fish  has  been  described  from  Japan  under  the 
name  of  Ldbrua  ihuribergi.  The  scanty  description  agrees  in  all 
respects  with  Priatipomoidea  aparus,  on  which  species  the  description 
was  probably  based;  but  as  no  coimt  of  fin  rays  is  given,  the  identi- 
fication is  perhaps  too  uncertain  to  justify  the  adoption  of  the  name 
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Pristipammdes  thunbergi  in  place  of  P.  sparua.    The  following  is  the 
synonymy  and  the  substance  of  the  description: 

Labrua  tkunhergi  LacAp&db,  Hist.  Nat.  Poin.,  vol.  4,  1803,  p.  467  (Nagasaki}. 

DenUx  Untnbergii  Cuyier  and  Valencibnnbs,  Hist.  Nat.  Poias.,  vol.  6,  1830, 
p.  237  (Japan).— Jordan  and  Sntdbr,  Check  List,  Ann.  Zool.  Jap.,  voL  3, 
pts.  2  and  3,  1901,  p.  77  (after  Guvier  and  Valenciennes). 

Synagris  thunbergii  Bleeker,  Enum.  Poiss.,  Veih.  kon.  Akad.  Amst.,  vol.  18, 
1879,  p.  7. 

Body  elongate,  compressed,  head  equal  to  depth  of  body,  which  is 
contained  nearly  four  times  in  the  total  length.  The  body  is  covered 
with  finely  ciliated  scales.  The  teeth  are  very  small,  but  there  are 
four  very  large  ones  on  each  jaw,  curved,  well  removed  from  one 
another,  with  smaller  ones  set  in  the  intervals.  Suborbital  narrow 
and  elongate.  Caudal  forked,  pectoral  short.  Color  brown,  with- 
out spots.    Edge  of  scales  whitish. 

13.  Genus  GYMNOCRANIUS  Klunzlngep. 

Oyrnnocranius  Klunzinger,  Verh.  z.  b.  Gres.  Wien.,  vol.  20, 1870,  p.  765  {rwulaius). 
Paradentex  Bleeker,  Atlas  Ichth.,  vol.  8,  1876,  p.  98  (on  plate  30,  fig.  3), 

(microdon). 

Type. — Qymriocranius  rivulatus  Rtlppell. 

This  genus  is  allied  to  Dentez  and  EuOiyopteroma,  differing  in 
having  the  top  of  the  head  naked.  Body  deep,  compressed.  Mouth 
small;  both  jaws  with  small  canines;  more  than  three  rows  of  scales 
on  cheeks.  Scales  large,  about  50;  D.  X,  10;  A.  HI,  10.  Species 
few,  of  the  East  Indian  region. 

(fi^/n^,  naked;  Kpca/iou,  skull.) 


22.  OTMnOCRAinUS  ORISEXrS  (Tcmmliiclc  and  SclitotBl)- 
OKZDAI  (blff-eyvd  port7)< 

Dentex  griieua  Temionok  and  Sghlbqel,  Fauna  Japonica,  1843,  p.  72,  pi.  36 
(Nagasaki).— Blbbker  Nat.  Tijd.  Ned.  Ind.,  vol.  7,  1854,  p.  80  (Siboga), 
(in  part);  Nieuwe  Nalez.  Verh.  Bat.  Gen.,  vol.  26, 1857,  p.  88  (in  part),  (Na- 
gasaki) .^teikdachner  and  DdDBRLEiN,  Beitr.  Fische  Japan's,  II,  Denkschr. 
Acad.  Wiss.  Wien,  vol.  48,  1883,  p.  16  (Tokyo). 

QymTiocranius  griseus  Blbeker,  Enum.  Poiss.,  Verh.  kon.  Akad.  Amst.,  vol.  18 
1879,  p.  7,  No.  115  (Nagasaki);  (not  of  Bleeker,  Atlas  Ichth.,  vol.  8,  1896, 
•     p.  96). 

Dentex  xanthopterua  Blbeker,  Arch.  Ned.  Ind.,  vol.  2,  1845,  p.  522  (name  only). 

Dentex  letkrinoides  Blbeker,  Verh.  Bat.  Gen.  Kunst.  Wet.,  vol.  23, 1849,  p.  11; 
Nat.  Tijd.  Ned.  Ind.,  vol.  1,  1850,  p.  102  (Java). 

Gymnocranius  lethrinoidea  Blbeker,  Atlas  Ichth.,  vol.  8,  1877,  p.  96,  pi.  334, 
fig.  3  (Java,  Sumatra). 

?  Lobotea  microprion  Bleeker,  Nat.  Tijd.  Ned.  Ind.,  vol.  2, 1851,  p.  174  (Batavia) 
(young). 

Habitat. — ^East  Indies  and  southern  Japan. 

Description  of  five  specimens  270  to  330  mm.  in  total  length,  from 
Wakanoura  and  Nagasaki,  also  some  from  MisaM,  130  to  170  mm.  in 
length. 
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Head  3  in  body  length;  depth,  2i  to  2J;  eye,  3  to  3J;  snout,  2i; 
maxillaiy,  3;  suborbital  width,  3i;  D.  X.,  10;  A.  Ill,  10;  scales  in 
longitudinal  series  50  to  52,  in  transverse  series  from  dorsal  to  anal 
insertion  5^/16  or  17. 

Body  deep,  compressed,  its  width  about  3  in  depth.  Dorsal  and 
ventral  profiles  similar,  save  for  low  position  of  tip  of  snout  below 
axis  of  body.  Head  deeper  than  long,  its  dorsal  outline  arched  and 
rising  rapidly.  Prefrontals  prominent,  interorbital  space  narrowest 
above  pupils.  Preorbitals  deep  as  long,  nearly  quadrate,  sheathing 
maxillary  almost  entirely.  Jaws  equal;  mouth  small;  maxillaiy 
ending  below  anterior  margin  of  eyes;  Ups  papillate.  Preopercular 
angle  smooth,  its  posterior  margin  slightly  obUque.  Opercle  short 
with  two  flat,  obtuse  points,  the  upper  little  prominent.  In  upper 
jaw  several  stout,  curved  and  blunt  canines  of  moderate  size  ante- 


Fio.  7.— Gthnocbanius  grisixts. 

riorly,  in  an  outer  row  with  a  band  of  small,  slender,  sharp  teeth 
behind  them,  latter  merging  into  a  single  lateral  row,  posteriorly,  of 
stout  conical  teeth,  nearly  molar  in  character  and  of  sUghtly  shorter 
length  than  canines.  Lower  jaw  similarly  toothed.  Vomer,  pala^ 
tines  and  tongue  edentulous. 

Dorsal  spines  not  flexible,  fourth  but  very  slightly  longer  than 
remainder,  2 J  to  3  in  head.  Dorsal  rays  higher,  fifth  and  longest  con- 
tained 2  in  head.  Anal  spines  strong,  third  longest,  2 J  to  3  in  head; 
first  two-fifths  of  length  of  third.  First  anal  rays  longest,  slightly  shorter 
than  dorsal.  Pectoral  1  ^  in  head,  its  first  ray  longest,  its  last  two-fifths 
of  its  length.  Ventrals  extending  to  third  anal  spine,  its  first  ray 
slightly  filamentous,  IJ  in  head.  Caudal  forked,  its  lobes  (measuring 
from  hypural  plate)  twice  length  of  middle  rays,  which  are  IJ  times 
longitudinal  diameter  of  eye. 
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Scales  absent  on  dorsal  surface  of  head,  preorbitals,  lower  jaw, 
maxillary,  limbs  of  preopercle  and  anterior  margin  of  opercle.  A 
sheath  of  small  scales  present  at  bases  of  soft  dorsal  and  anal.  Mem- 
branes of  caudal  scaled  at  base  and  to  tip  of  outer  rays.  Scales  veiy 
finely  ctenoid. 

Young  alcoholic  specimens  (up  to  170  nmi.  in  length)  with  about 
eight  transTerse  bars  of  dark  on  body,  first  through  angle  of  opercle 
and  axil  of  pectoral;  second  from  insertion  of  dorsal  to  lateral  line, 
continued  by  a  spot  just  behind  ventrals;  third  from  fifth  and  sixth 
dorsal  spines  across  body;  fourth  similar,  from  last  spines  of  dorsal  to 
insertion  of  anal;  fifth  from  second  and  third  dorsal  rays  to  first  of 
anal;  sixth  from  last  of  dorsal  to  axis  of  body,  joining  there  with 
seventh  from  dorsal  part  of  caudal  peduncle,  and  ending  at  last  anal 
rays;  last  indistinct  across  base  of  caudal.  These  bars  more  or  less 
indistinct  in  different  specimens.  In  our  adults,  of  about  330  mm. 
length,  they  are  barely  to  be  seen  and  are  much  narrower,  save  for 
that  through  eye.  Dorsal  surface  of  head  also  dark;  as  is  anterior 
half  of  spinous  dorsal,  anterior  thirds  of  soft  dors.al  and  anal,  ven- 
trals and  caudal.  A  median  Ughter  stripe  sometimes  present  on 
caudal,  parallel  to  fin  mai^n.  Pectorals  clear,  lining  of  mouth,  of 
giU  cavity,  and  peritoneum  colorless. 

This  species  is  the  Gymnocraniua  leihrinoides  of  Bleeker's  Atlas' 
and  not  his  Oymrtocraniua  griseus.  He  had  previously  identified  his 
Japanese  specimens  with  G,  lethrinoides,  which  view  seems  to  be  cor- 
rect. Later  he  separated  another  species,  which  had  been  confused 
with  6.  lethrinoides  and  identified  these  as  G,  griseus  Temminck  and 
Schlegel.  Unless  both  species  are  found  in  Japan,  of  which  there  is 
no  record,  his  later  decision  seems  erroneous.  Our  specimens  cor- 
respond with  the  description  given  by  him  in  ''Nieuwe  Nalezingen 
op  de  Ichthyologie  van  Japan"  in  its  differences  from  G.  griseus  of  the 
Atlas  (namely,  deeper  preorbital,  wider  interorbital  and  smaller  eye). 
We  think  therefore  that  his  first  identification  should  hold,  and  that 
Oymnocranius  lethrinoides  must  be  regarded  as  the  same  as  the 
Japanese  G.  griseus. 

This  species  is  not  rare  in  southern  Japan.  Our  specimens  are 
from  Misaki,  Wakanoura,  and  Nagasaki. 

(griseasj  gray.) 

14.  Genus  TAIUS  Jordan  and  Thompson. 
Taius  JoBDAN  and  Thompson,  new  genus. 
Type. — Chrysophrys  tumifrons  Tenmiinck  and  Schlegel. 
This  genus  contains,  so  far  as  known,  a  single  species,'  with  the 
skull  structure,  coloration  and  general  aspect  of  Pagrosomus,  but 
with  a  single  row  of  conical  teeth  in  the  sides  of  the  jaws  besides  a 

tyoL8»i9n,i».M. 
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band  of  granular  teeth,  and  no  true  molar  teeth  at  all.  Mouth  rather 
large.  Both  jaws  with  canines  in  front.  Scales  on  cheeks  in  more 
than  three  rows;  preopercle  more  or  less  scaly.  Dorsal  rays  XII, 
10,  the  spines  low  with  exserted  tips.  Body  compressed  and  ele- 
vated, with  a  deep  preorbital.  Parietal  crests  of  cranium  little 
developed.  A  single  known  species  has  the  general  aspect  of  Pagrua 
or  rather  of  Pugrosomua  with  the  dentition  more  like  that  of  Dentex. 
The  type  of  skull  is  precisely  that  of  Pagrosomus  rruijor.  In  Dentex 
dentex  of  the  Mediterranean  the  frontals  are  porous  as  in  Evynnis. 
There  is  no  hyperostosis  of  the  supraoccipital.  The  parietal  or 
epiotic  crest  is  elevated  as  a  thin  edge,  and  it  is  placed  farther  from 
the  supraoccipital  than  in  Pagrosomus  or  Taius. 

In  spite  of  the  absence  of  molars,  Tains  is  much  more  nearly  allied 
to  Pagrus  and  Pagrosomus  than  to  Dentex, 

(fai,  poTgy,  the  common  name  of  Pagrosomus  major  and  of  related 
species.) 

23.  TAIUS  TUMIVRONS  (Temminck  and  Schlegel)- 

SOTAZ    (baby  porgy);    KAXODAZ    (true   baby  porgy);   BSITIKODAZ   (red  baby  porsy); 
BZITKODAZ  (Md  baby  porgy);  KFTAl  (yallow  tal  or  porgy). 

Chrysophrys  tumifrons  Temminck  and  Schlboel,  Fauna  Japonica,  1843,  p.  70, 
pi.  34  (Nagasaki). 

Pagrua  tumifrons  GOntheb,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1869,  p.  470  (after 
Temminck  and  Schlegel). — Nystrom,  Jap.  Fiaksaml.  K.  Svenska  Vet.  Akad., 
vol.  13,  Afd.  4,  1887,  No.  4  (Nagasaki).— Jordan  and  Snyder,  Check  List, 
Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and  3,  1901,  p.  79.-~Kishinoute,  Joum. 
Fish.  Bur.  Tokyo,  vol.  10,  1901,  No.  3,  p.  38,  pis.  3;  pi.  5,  fig.  5-8;  pi.  7, 
fig.  2  (Japan:  Hondo,  Shikoku,  Kiushu,  and  Formosa). 

Spams  tumifrons  Bleekeb  Enum.  Poiss.,  Verh.  kon.  Akad.  Amst.,  vol.  18,  1879, 
p.  7. 

Dentex  hypsehsomus  Bleekeb,  Japan,  Nat.  Tijd.  Ned.  Ind.,  vol.  6,  1854,  p.  402 
(Nagasaki);  Verh.  Bat.  Gen.,  vol.  26,  1867,  pi.  4,  ^g.  2  (Japan)  p.  89.— 
GtJNTHER,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  371  (after  Bleeker).— Stein- 
DAGHNER,  Reise  Aurora^  Ann.  Nat.  Hofmus.  Wien.,  vol.  11,  1896,  Heft  2, 
p.  199  (Japan). — Jordan  and  Snyder,  Check  List,  Ann.  Zool.  Jap.,  vol.  3, 
pts.  2  and  3,  1901,  p.  77.— Jordan  and  Evermann,  Proc.  U.  S.  Nat.  Mus., 
vol.  25,  1903,  p.  345,  fig.  17  (Formosa). — ^Jordan  and  Kichabdson,  Fishes 
Formosa,  Mem.  Carnegie  Mus.,  vol.  4,  1909,  No.  4,  p.  185,  fig.  15. 

Synagris  hypselosoma  Bleeker,  Atlas  Ichth.,  vol.  7,  1876,  pi.  36,  fig.  2;  Enum. 
Poias.,  Verh.  kon.  Akad.  Amst.,  vol.  18,  1879,  p.  7. 

Hahitat. — Southern  Japan  and  China. 

Description  of  three  specimens  from  Takao,  Formosa,  245  to  280 
mm.  in  body  length: 

Head  2§  in  body  length  to  last  vertebra;  depth  2;  eye  3f ;  inter- 
orbital  breadth  Sf;  preorbital  depth  3f ;  snout  2J;  D.  XII,  10; 
A.  Ill,  8;  scales  in  lateral  line  49;  in  transverse  serifs  from  insertion 
of  dorsal  to  that  of  anal  6/14  (6/12-17,  Kishinouye);  gill  rakers 
8  +  11;  pyloric  caeca  4. 


Digitized  by 


Google 


572 


PROCEEDINGS  OF  THE  NATIONAL  MVSEVM, 


VOL.  41. 


Profile  of  head  rising  steeply,  slightly  concave  before  eyes,  convex 
over  them;  rising  in  a  steep,  even  curve  to  nape.  Interorbital  space 
arched  rather  strongly  from  eye  to  eye,  more  so  in  older  specimens; 
preorbital  depth  equal  to,  or  less  than  eye,  contained  If  in  its  own 
length;  maxillary  2|  in  head,  ending  under  anterior  border  of  eye. 
Breadth  of  preopercle  at  angle  equal  to  that  of  cheek,  its  mai^in 
not  very  flexible.  Posterior  nostril  as  far  from  eye  as  from  anterior 
nostril.  Posterior  margin  of  suborbitals,  between  smaller  and  larger, 
strongly  notched  in  all  our  specimens  (not  in  Kishinouye's  figure). 
Vomer  toothless.  Jaws  without  distinct  molars,  a  single  row  of 
stoutly  conical,  sharp  teeth  laterally  in  each  jaw,  with  several  inner 
ro¥^  of  very  small  granular  teeth.     Four  large,  stout,  somewhat 


Fio.  8.— Taius  tumifboms. 

recurved  canines  in  front  of  each  jaw.  Gill  rakers  half  length  of 
giU  filaments. 

Dorsal  spines  stout,  first  5 J  in  head,  or  two-thirds  of  eye;  second 
slightly  longer  than  eye,  3  in  head;  third  2§  in  head.  Dorsal  rays 
equal  to  last  spine,  3 J  in  head.  Anal  spines  stouter  than  dorsal 
spines,  second  somewhat  longer  than  third,  3  in  head;  rays  about 
same  length.  Pectorals  3  in  body  length,  or  1^  in  head;  lower  rays 
slightly  produced;  ventrals  reaching  nearly  to  anus,  1 J  in  head. 

Scales  present  on  preopercular  limbs,  in  3  or  4  rows,  on  cheek  in 
5  or  6,  on  interopercle  in  3  rows;  on  bases  of  dorsal  and  anal  fins 
as  a  low  sheath.     Scales  finely  ctenoid. 

Color  (Kishinouye)  reddish  with  golden  luster,  two  or  three  mark- 
ings of  yellowish  foimd  dorsally ;  lower  portion  of  body  silvery  white; 
no  blue  spots  present;  membrane  on  posterior  margin  of  opercle 
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pale  blue.  Iris  reddish.  In  life  the  snout  is  golden  yellow,  and  there 
is  a  diffuse  yellow  blotch  under  the  dorsal. 

Skeletal  characters:  Frontals  heavy,  thick,  slightly  porous, 
approaching  those  of  Pagrosomus  major,  Supraoccipital  crest 
inserted  over  middle  of  eyes,  moderately  high.  Parietal  crest  typical 
of  Asiatic  allies  of  Pagrus,  here  called  Pagrosomus,  low,  hardly  pro- 
duced as  a  thin  layer  of  bone,  as  far  from  the  supraoccipital  as  from 
the  outer  crest.  Hyperostosis  or  thickening  not  evident,  although 
the  supraoccipital  crest  is  slightly  thickened  above.  First  spurious 
intemeural  small,  slender. 

This  species  not  very  common  in  Japan.  No  specimens  are  in  our 
collection  except  from  Formosa.  In  spite  of  the  absence  of  molars^ 
this  species  is  in  essentials  like  the  species  of  Pagrosomus.  Since  the 
above  was  written  we  have  found  this  species  in  great  abundance  in 
the  markets  of  Osaka,  taken  by  the  trawlers  off  Tsushima.  It 
forms  the  principal  part  of  the  catch  of  these  vessels  between  Naga- 
saki and  Fusan. 

{tumifrons,  having  the  forehead  swollen.) 

15.  Genus  EVYNNIS  Jordan  and  Thompson. 

Evynnis  Jordan  and  ThompsoNi  new  genus. 

Type. — Spams  cardinalis  Lac6p6de. 

This  genus  differs  from  Pagrosomua  in  the  presence  of  a  group  of 
conical  bluntish  teeth  on  the  head  of  the  vomer,  a  character  unique 
in  this  family.  In  one  other  genus,  Neolethrinus,  there  are  molar 
teeth  on  the  vomer  and  elsewhere  on  the  roof  of  the  mouth.  Supra- 
occipital crest  in  old  specimens  very  high,  advanced  forward  to  near 
the  front  of  the  eye,  largely  covering  the  spongy  frontal  bones  which 
are  fuU  of  pores.  No  scales  on  preopercular  limb.  In  the  single 
known  species  the  third  and  fourth  dorsal  spines  are  elevated,  as  in 
the  species  of  Argyrops  (spinifer,  etc.),  but  to  a  less  degree. 

(e^,  weU;  Cw^f,  vomer.) 

24.  BVYinnS  CARDINALIS  (Lacftpdde). 

OHZDAZ  (blood  red  tal  or  porgy);  HCEtCKODAZ  (imall  fln  pors7);  EORXITAOA  (long  tn)\ 
HAHADAZ  (flower  porgy);  CHIKODAZ  (child  porgy);  KXTNDAZ. 

Spams  cardinalis  LAcipifeDE,  Hist.  Nat.  Poiss.,  vol.  4,  1803,  p.  141. — Stein- 
DACHNBR,  Reise  AuToraj  Ann.  Nat.  Hofmus.  Wien,  vol.  11,  Heft  2,  1896, 
p.  200  (Japan). 

Chrysophrya  cardinalis  Cuvieb  and  Valenciennes,  Hist.  Nat.  Poise.,  vol.  6, 
1830,  p.  130  (Japan).— Temminck  and  Schleoel,  Fauna  Japonica,  1843, 
p.  69,  pi.  33  (Nagasaki).— Richardson,  Ichth.  China  and  Japan,  1846  (Can- 
ton).— Bleeker,  Enum.  Poiss.,  Verh.  kon.  Akad.  Amst.,  vol.  18, 1879. 

Pagrus  cardinalis  Gunther,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  470  (China). — 
Stbinbachner  and  Doderlein,  Beitr.  Fische  Japan's,  II,  Denkschr.  kais. 
Akad.  Wiss.  Wien.,  1883,  p.  19  (Tokyo,  Oshima,  Nagasaki).— Nystbom,  K. 
Svenska.  Vet.  Akad.,  vol.  13,  Afd.  4, 1887,  No.  4,  p.  14  (Nagasaki) .-Jo WAN 
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and  Snydbh,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2and  3, 1901,  p.  79  (Yoko- 
hama).— KismNOOYE,  Joum.  Fish.  Bur.  Tokyo,  vol.  10,  No.  3,  1901,  p.  36, 
pis.  2,  5,  and  7,  fig.  3  (Japan,  Eiusiu,  southern  coast  of  Shikoku,  northwestern 
and  northeastern  coasts  of  Hondo,  China,  Korea). 

HaMtat. — Coasts  of  Japan  and  China. 

Description  of  five  specimens  from  Tokyo  and  one  from  Mat^ 
Biishima,  160  to  247  mm.  in  length: 

Head  3i  in  body  length,  depth  2J;  eye  4  in  head;  preorbital 
depth  4;  interorbital  width  3  to  3};  maxillary  2i;  snout  2\; 
D.  XII,  10;  A,  III,  9;  scales  in  longitudinal  series  58  to  64;  in 
transverse  series  between  insertions  of  dorsal  and  anal  7/15  or  16; 
gill-rakers  7  or  8  +  11  or  12. 

Profile  of  head  and  occiput  rising  steeply  in  a  strong  curve;  inter- 
orbital space  much  arched,  more  so  than  in  Pagrosomus  major; 
occiput  usually  prominent,  depth  of  preorbital  contained  H  in  its 
length,  its  depth  less  than  that  of  P.  major;  maxillary  ending  under 
anterior  margin  of  eye.  Width  of  preopercle  greater  than  that  of 
scaled  portion  of  cheek,  or  at  least  equal.  Posterior  nostril  oval, 
its  distance  from  the  eye  contained  4  times  in  the  latter's  length. 
Vomer  with  several  conical  teeth.  Teeth  in  upper  jaw  in  two  rows 
of  molars  posteriorly,  the  inner  larger  but  replaced  anteriorly  by  a 
band  of  granular  teeth,  outer  teeth  larger  and  more  conical  anteriorly; 
a  set  of  two  canines  on  a  aide  in  front.  Teeth  in  lower  jaw  similar 
save  that  the  inner  row  is  larger  posteriorly,  and  three  canines  are 
present  on  a  side. 

Dorsal  spines  flexible,  the  third  and  fourth  somewhat  filamentous. 
Second  spine  5  in  head,  three-quarters  of  eye  diameter  in  length; 
third  spine  over  half  length  of  head;  fourth  sUghtly  less;  fifth  2J  to 
2i  in  head.  Anal  spines  equal,  31  in  head.  Pectoral  longer  than 
head  by  about  half  eye,  the  lowermost  rays  half  as  long,  being  slightly 
produced.    Ventrals  IJ  in  head.    Caudal  forked. 

Scales  as  in  Pagroaomua  majors  7  rows  on  cheek,  4  rows  on  inter- 
opercle. 

Color  in  life  (after  Kishinouye)  in  general  resembling  that  of 
Pagrosomus  Tnajor,  but  much  brighter.  Posterior  margin  of  pre- 
operculum  dark  red.     Iris  partly  brown,  partly  silver  white. 

The  males  and  females  of  tliis  species,  according  to  Kishinouye, 
differ  in  the  profile  of  the  head:  "In  the  male  the  occipital  crest  is 
rectangular,  so  that  the  forehead  is  very  prominent.  In  tlie  female, 
on  the  other  hand,  the  occipital  crest  is  triangular  and  the  forehead 
is  beautifully  arched.''  He  writes  that  these  fish  grow  to  a  length 
of  half  a  meter. 

From  Pagrosomus  mxijor  this  species  may  be  distinguished  by  the 
teeth  on  the  vomer,  the  cavernous  frontals,  the  antmor  hyperostosis 
of  the  supraoccipital  crest,  the  lack  of  the  same  in  the  first  spurious 
intemeural,  and  by  the  filamentous  second  and  third  dorsal  spines. 
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Eoshinouye  records  the  collection  by  Mr.  Nakamura  of  a  skull  lacking 
these  vomerine  teeth  and  supposes  it  a  hybrid  with  P.  major. 
Whether  the  difference  in  frontals  is  due  to  hyperosteal  thickening 
is  questionable. 

This  species  is  rather  common  in  Japan,  less  abimdant  and  smaller 
in  size  than  the  red  Tai.  We  saw  this  species  at  Matsuahima, 
Tokyo,  Misaki,  and  probably  in  other  places. 

(cardinalis,  cardinal  red.) 

16.  Genus  PAGROSOMUS  Gill. 

Pagro8omu8  Gnx,  Mem.  Nat.  Acad.  Sci.,  vol.  6,  1893,  p.  97  (aurattu'^unioolor). 
Sparosomus  ^  Gnx,  Mem.  Nat.  Acad.  ScL,  vol.  6,  1893,  pp.  116, 123. 
(auratus)  (lapsus  for  Pagrosomtis). 

Type. — Lahrua  auraius  Bloch  and  Schneider. 

Body  oblong,  rather  deep,  compressed,  covered  with  large  scales. 
Head  large;  preopercle  entire;  opercle  not  armed.  Mouth  rather 
small,  terminal,  low,  the  anterior  teeth  in  the  jaws  cardiform,  the 
outer  series  of  teeth  generally  enlarged,  canineUke,  not  compressed, 
the  teeth  behind  the  canines  slender  and  acute.  Both  jaws  with 
2  or  3  series  of  rounded  molar  teeth,  which  are  sometimes  irregularly 
mixed  with  slender  teeth.  No  teeth  on  vomer  or  palatines.  Poste- 
rior nostril  oblong,  not  slitlike,  much  larger  than  anterior.  Pre- 
opercle with  a  few  scales  or  none.  Dorsal  spines  about  12  in  num- 
ber, depressible  in  a  groove;  anal  spines  moderate,  the  second  not 
greatly  developed;  second  interh»mal  spine  not  pen  shaped;  no 
antrorse  dorsal  spine;  supraoccipital  crest  high,  the  inner  lateral 
or  parietal  crests  low,  little  developed.  Caudal  fin  forked;  air 
bladder  simple;  gill-rakers  short;  branchiostegaJs  6;  intestinal  canal 
short;  pyloric  cseca  few.  Carnivorous  fishes,  mostly  of  the  coasts  of 
Asia  and  Australia,  closely  related  to  the  Atlantic  genus  Pagrus^^ 
but  differing,  as  understood  by  us,  in  the  deep  body,  the  depth  about 
two-filths  of  the  length,  and  in  the  little  development  of  the  inner 
lateral  crest  of  the  cranium.  This  is  obsolescent  in  Pagrosomus 
auraius  and  Pagrosomus  major.  In  the  related  genus,  Argyrops^ 
(jspinifera)  the  body  is  still  deeper  and  the  back  more  elevated;  the 
parietal  crests  are  rather  higher  and  further  removed  anteriorly 
from  the  supraoccipital  crest,  although  rather  lower  than  in  the 
genera  Pagrus  and  Dentez.  In  Argyrops,  the  dorsal  spines  are 
much  elevated,  and  filamentous,  even  more  so  than  in  Evynnis 
cardinalis.    On  the  whole,  Argyrops  spinifera  seems  to  be  generically 

1  Not  SparUoma  Swainson,  CIass.  Anlm.,  vol.  2, 1839,  p.  227,  a  genus  of  Soaroid  fishes;  not  Sparotomi 
Saavage,  Bull.  Soc.  Oeol.  (3),  vol.  11, 1883,  p.  487,  a  genus  of  fossil  fishes. 

>Cavler,  R^e  Animal,  ed.  1, 1817,  p.  272,  Type,  Spanu  panrut  L'fauueus. 

•  Argyrop*  Swalnson,  Nat.  Hist.  Class.  Fishes.,  vol.  11,  1839,  p.  221  (spinier).  Argp^pt  spinifera 
(ForaUl)  ooouis  in  Formosa,  but  is  not  known  from  Japan. 
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distinct  from  Pagrosomus,  and  we  adopt  the  latter  name  for  the 
Japanese  species. 

{ndfpoc'.  porgy;  awna:  body.) 

Key  to  species. 

a}.  Dorsal  rays  XII,  10;  scales  53. 

b^.  Width   of   preorbital   4f   in   head;  8  rows   of  scales  above  the  lat^al  Kne; 

hyperostosis,  or  thickening,  of  supraoccipital  crest  at  its  base major,  25. 

b^.  Width  of  preorbital  3}  in  head;  9  or  10  rows  of  scales  above  lateral  line; 
hyperostosis  on  upper  edge  of  supraoccipital  crest ouratus,  26l 

25.  PAOROSOMUS  MAJOR  (Temmlnck  and  Sditegel). 
TAI,  ASADAI  (red  porgy);  ODAZ  (bic  porgy);  MATADAI  (fork  p<irg7). 

Ckrysophrys  major  Temmingk  and  Schleoel,  Fauna  Japonica,  1842,  p.  71,  pi.  35 
(Nagasaki). 

Pagrus  major  Gt^NTHSB,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1869,  p.  470  (China  and 
Japan). — Steindachner  and  D5derlein,  Beitr.  Fische  Japan's,  II,  Denkacfar. 
kais.  Akad.  Wisa.  Wien,  1883,  p.  19  (Tokyo).— Nysteom,  Jap.  Fisksaml.  K 
Svenska.  Vet.  Akad.,  vol.  13,  Afd.  4,  1887,  No.  4  (Nagasaki) .-Jordan  and 
Sntdeb,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and 3, 1901. — Eibhihoutb, 
Fish.  Bur.  Tokyo,  vol.  10,  No.  3, 1901,  p.  32,  pis.  4,  6,  7,  ^.  1  (J^an,  tnm 
southern  part  of  Hokkaido  to  Formosa,  Korea,  China).  (Cranium,  intemeo- 
rals,  and  jaws  figured,  with  an  excellent  colored  plate.) 

Spams  major  Bleeeer,  Enum.  Poiss.,  Verh.  kon.  Akad.  Amst.,  vol,  18,  1879. 

Pagrus  unicolor  Richardson,  Ichth.  China  and  Japan,  1846,  p.  242  (Canton).— 
Kner,  Reise  Novara  Fische,  1860,  p.  85  (Hongkong and  Auckland). — Reoak> 
Ann.  and  Mag.  Nat.  Hist.,  ser.  7,  vol.  15, 1905,  p.  20  (Inland  Sea  of  Japan).— 
Steindachner,  Sitzungber.  Akad.  Wiss.  Wien,  vol.  61, 1870,  p.  625  (China). 

Description  of  numerous  specimens  up  to  300  mm.  in  length  from 
Wakanoura,  Aomori,  Tokyo,  and  Nagasaki,  one  from  Tokyo,  163  nmi. 
in  body  length,  taken  as  typical: 

Head  3i  in  body  length;  depth  2i;  eye  4  in  head,  preorbital  width 
44;  interorbital  space  3  to  3J;  maxillary  2^;  snout  2|  to  2^;  D.  XII, 
10;  A.  Ill,  8;  scales  in  longitudinal  series  56  to  63;  in  transverse 
series  between  insertions  of  dorsal  and  anal  8/16  to  18;  gillrakeis 
7  to  9  +  10. 

Profile  of  head  and  occiput  rising  less  steeply  than  in  Evynnis  cat- 
dinalia,  interorbital  space  not  as  highly  arched,  occiput  not  usuaUy 
as  gibbous;  depth  of  preorbital  contained  1§  in  its  length;  maxillaiy 
ending  under  anterior  margin  of  pupil.  Width  of  preopercle  con- 
siderably less  than  width  of  scaled  cheek.  Posterior  nostril  slit  like, 
nearer  eye  and  slightly  longer  than  in  Evynnis  cardindlis  or  Taius 
tumifrons,  its  distance  from  the  eye  about  6  in  orbital  length.  Vomer 
toothless.  Teeth  in  upper  jaw  in  two  rows  posteriorly,  the  inner 
molar,  the  outer  less  so,  the  latter  becoming  more  conical  anteriorly, 
the  former  being  replaced  by  a  band  of  minute  granular  teeth  in 
three  series.  Two  stout  canines  present  on  either  side  anteriorly. 
In  lower  jaw  dentition  similar,  but  with  three  anterior  canines  on  a 
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side.  Supraoccipital  crest  high,  not  extending  forward  before  eye; 
frontal  bone  solid  with  few  pores,  epiotic  or  parietal  crests  little 
developed.  Dorsal  spines  not  filamentous;  second  equal,  or  slightly 
less  than  length  of  eyes,  about  3f  in  head,  longer  than  in  Evynnis 
cardinalis;  third  and  fourth  about  2  in  head;  fifth  2|.  Second  and 
third  anal  spines  usually  equal,  second  sometimes  stronger,  3  to  3^ 
in  head.  Pectoral  extending  slightly  beyond  anal  insertion,  longer 
than  head  by  half  length  of  eye,  its  lowest  rays  slightly  elongate; 
ventral  IJ  in  head.     Caudal  deeply  forked. 

Scales  not  present  on  bases  of  soft  dorsal  and  anal.  Head  scaled 
to  above  eyes.  Preopercular  limbs  with  an  occasional  scale;  cheeks 
with  7  rows. 

Color  (Kishinouye) :  Back  reddish,  generally  with  greenish  luster 
and  many  blue  spots;  belly  silvery.  Iris  of  eyes  brownish  with 
golden  luster,  upper  portion  of  orbit  blue.  Upper  posterior  margin 
of  operculum  and  base  of  pectoral  fin  dark  brown;  lower  part  of 
caudal  fin  whitish,  tinged  with  blue,  while  the  posterior  margin  of  the 
fin  is  generally  fringed  with  black.  In  old  specimens  the  coloration 
is  dusky,  and  blue  spots  are  not  generaUy  found.  Our  alcoholic 
specimens  are  nearly  uniform  in  color,  with  a  few  traces  of  blue 
spots.     Peritoneum  and  gill  cavities  silveiy. 

This  species  has  frontals  which  differ  markedly  from  those  of 
Evynnis  cardinaliSf  being  heavy,  thick,  and  little  cavernous.  The 
supraoccipital  crest  is  thickened  greatly  in  its  posterior,  lower  part, 
and  the  first  spinous  intemeural  is  enlarged  and  thick  in  its  upper 
portion.  The  thickening  of  the  supraoccipital  and  the  intemeural 
is  evidently  due  to  hyperostosis  (with  age),  but  this  is  not  so  evi- 
dent in  the  case  of  the  frontals,  as  a  young  specimen  10  cm.  in  length 
had  frontals  as  little  porous  as  the  adult,  although  not  nearly  as 
heavy.  The  whole  cranium  is  longer  for  its  depth  than  that  of 
Evynnis  cardinalis}  The  observations  recorded  above  as  to  the 
relative  widths  of  the  scaled  portion  of  the  cheek  and  of  the  pre- 
opercle  do  not  seem  to  apply  to  Kishinouye's  figure,  although  it  was 
true  of  all  our  specimens. 

We  can  find  no  distinguishing  characteristics  in  Pagrus  arthurius 
Jordan  and  Starks  from  Port  Arthur  on  a  careful  comparison  of  the 
type  with  specimens  of  PcLffrosomtLS  major  from  Japan.  The  depth 
of  the  preorbital  stated  to  distinguish  it  is  exactly  the  same,  as  is  the 
size  of  the  eye,  measuring  in  hundredths  of  body  length.  The  short- 
ness of  the  third  spine  of  the  dorsal  is  due  to  injury.  Pagrus  arthu- 
rius is  therefore  a  synonym  of  Pagrosomus  major,  as  is  also  Pagrus 
ruber  D6derlein.     This  nominal  species  is  thus  described. 

Head  3  or  less  in  body;  depth  2f ;  eye  2f  in  head;  interorbital 
space  4;  snout  3;  preorbital  height  If  to    1|  in  eye;  D.  XII,  10; 

1  See  EishinouyB,  Joam.  Fish.  Bur.  Tokyo,  yol.  10,  No.  3, 1901,  for  flgores  of  skull,  eto, 
9442$<»— Proc.N.M.yol.4X— XX 37 
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A.  ni;  8;  scales  in  lateral  line  53-54;  in  transverae  series  8/1/13 
(or  14?). 

Interorbital  space  flat  from  side  to  side,  posterior  to  it  a  prominent 
ridge  rises  along  the  midline  of  the  occiput  to  the  insertion  of  the 
dorsal,  formed  on  the  head  by  the  supraoccipital  crest.  Profile  of  the 
head  ascending  less  rapidly  than  in  Pagrosomus  major  and  EvyntiM 
cardinalis.  Maxillary  ending  before  the  middle  of  the  eye.  Molar 
teeth  small,  in  two  rows  in  both  jaws,  canines  in  the  premaxillaries 
as  in  Pagrosomus  major  and  Evynnis  cardinalis. 

Third,  or  third  and  fourth,  dorsal  spines  slightly  exceed  half  the 
head  length,  in  one  case  contained  If,  in  another  1-^  in  the  head. 
Second  dorsal  spine  equals  or  is  somewhat  less  in  length  than  the 
eyes,  and  is  contained  1{  to  1^  times  in  the  height  of  the  third  spine. 
Second  anal  spine  is  somewhat  longer  than  the  third. 

Color  of  ventrals  gray  in  distal  half;  dorsal  with  gray-brown  spots 
here  and  there,  especially  on  the  soft  portion. 

According  to  Doderlein  this  species  differs  from  Pagrosomus  major 
in  the  more  elongated  body,  the  lai^er  eyes,  and  the  lesser  number  of 
scales  along  the  lateral  line.  Kishinouye  notes  that  he  considers  the 
presence  of  this  species  in  Japanese  waters  "ambiguous,"  as  he  is 
unable  to  find  any  specimens  to  correspond  to  this  description. 
Doderlein  had  two  specimens  to  which  he  applied  this  name,  the  one 
described  being  133  mm.  long.  The  differences  given  do  not  warrant 
a  division.  One  of  our  specimens  of  Pagrosomus  major  has  55  scales 
in  the  lateral  line,  yet  differs  in  no  other  way  from  the  typical 
specimens. 

Pa^osomus  major  is  the  conunon  red  "Tai"  or  "AkadaV  of  the 
markets  of  Japan.  It  is  everywhere  very  abundant  to  the  southward 
of  Tokyo.  Its  flesh  is  excellent,  firm,  and  white.  It  is  in  a  way  the 
national  emblem  of  Japan.  It  is  the  fish  borne  in  all  pictures  of  the 
fishery  god  Ebisu,  and  luck  comes  to  the  fisherman  with  the  red  Tai 
or  porgy. 

We  saw  this  species  at  Aomori,  Misaki,  Tokyo,  Wakanoura,  and 
Nagasaki. 

(major,  larger.) 

26.  PAOROSOMU8  AUKATUS  (Iteltar). 
Th«  Baappcr  of  tli«  AvstnlteB  Smc 

Labnis  awratuB  (Sciama  aurata  Fonter)  Bloch  and  ScHNsmES,  Syst.  Ichth., 

1801,  p.  206  (Queen  Charlottes  Sound). 
Scisma  aurata  Fobstbr,  Descr.  Anim.,  £d.  Lichtenstem,  1844,  p.  907»  oune 

specimen. 
Pagrommius  auratus  Gill,  Mem.  Nat.  Acad.  Sci.,  vol.  6,  1893,  p.  97,  and  of  Stead 

and  other  Australian  ichthyologists. 
Sparosomus  auratus  Gill,  Mem.  Nat.  Acad.  Sd.,  vol.  6,  1893,  pp.  116, 123. 
Ckrysophrys  unicolor  QuoT  and  Gaimabd,  Voy.  rUranie,  1824,  p.  229  ("Baie  des 

Chiens  Marins,"  Dick  Hartog  Island,  Australia). 
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Pagrus  unicolor  Guyier  and  ValencienneSi  Hist.  Nat.  Poiss.,  vol.  6, 1830,  p.  162, 

same  specimens. — GI^nther,  Oat.  Fish.  Brit.  Mub.,  vol.  1, 1859,  p.  468  (New 

Zealand,  Australia;  Chinese  Seas?). 
Sparo8omu8  unicolor  and  Pagrotomus  aurahu  of  many  authors. 
Pagrua  guUuJatu8  Guvibr  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  3,  1830, 

p.  160  (King  Georges  Sound).— Lesson,  Voy.  CoquUle,  Zool.,  vol.  2,  1830, 

p.  188  (New  Zealand). 
Pagrus  micropterus  Guvier  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  3,  1830, 

p.  163  (New  Zealand). 
Pagrua  lotus  Richardson,  Rep.  Brit.  Ass.  Adv.  Sci.,  1842,  p.  209. 

Described  from  two  specimens,  220  and  460  mm.  long,  from 
Caloundra  Banks,  Australia,  and  from  Wanganui,  New  Zealand, 
respectively. 

Head  3  in  body  length;  depth  2};  eye  3}  (5}  in  lai^e  specimen) 
in  head;  depth  of  preorbital3|;  snout  2};  maxillary  2^;  D.  XII,  10; 
A.  Ill,  8;  scales  in  lateral  line  57,  in  transverse  series  between  inser- 
tions of  dorsal  and  anal  9  or  10/17;  gill-rakers  8  +  11. 

Body  deepest  before  insertion  of  dorsal,  tapering  posteriorly, 
head  profile  very  steep,  and  but  slightly  arched,  save  at  occiput. 
Length  of  maxillary  equal  to  that  of  preorbital,  which  is  IJ  times  its 
depth.  Distance  between  nostrils  equal  to  length  of  posterior  one. 
Width  of  preopercle  less  than  that  of  scaled  cheek,  its  mai^in  ribbed, 
but  not  serrate.  Teeth  as  in  Pagrosomus  major,  in  two  series  in  both 
jaws,  the  inner  molar  like,  the  outer  more  conical,  inner  row  becoming 
replaced  by  minute  granular  teeth,  outer  becoming  more  conical 
anteriorly.  Two  pairs  of  canines  above  and  three  below  in  front. 
Gill-rakers  short  and  stout. 

Fourth  dorsal  spine  highest,  2  J  in  head,  not  produced;  second  and 
third  anal  spines  subequal,  3^  in  head;  pectoral  equal  to  head  plus 
half  eye,  its  lower  rays  somewhat  produced;  ventrals  1#  in  head, 
reaching  anus;  caudal  deeply  forked,  its  lobes  equal  to  head. 

Scales  not  present  on  vertical  fins  save  as  low  sheath,  nor  on 
preorbitals,  snout  before  eyes,  lips,  or  jaws.  An  occasional  scale  on 
the  preopercle.    Cheeks  with  7  or  8  rows. 

Color  silvery,  darker  above,  fins  uniform. 

Cranial  crests  as  in  Pagrosamus  major,  the  inner  or  parietal  little 
developed;  supraoccipital  crest  inserted  above  anterior  margin  of 
eye,  its  upper  edge  thickened  by  hyperostosis  as  in  Evynnis  oardir 
nalis.    First  spurious  intemeural  also  thickened. 

Pa{iro8omu8  auraius,  the  most  abundant  and  valuable  of  Aus- 
traUan  food  fishes,  has  been  recorded  several  times  from  Chinese 
Seas  and  by  Regan  from  the  Inland  Sea  of  Japan,  under  the  name  of 
Pagrus  unicolor.  None  of  the  authors  give  any  details  regarding 
their  specimens,  however,  and  it  is  not  impossible  that  all  of  them  are 
reaUy  Pagrosomus  major,  to  which  P.  auratus  is  closely  related.  The 
latter  differs  mainly  in  these  regards:  A  larger  eye  in  specimens  of 
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similar  size,  a  deeper  preorbital,  longer  snout  (?),  and  in  the  supra- 
occipital  crest,  which  is  thickened  by  hyperostosis  in  the  same  region 
as  in  Evynnis  cardinalis.  The  following  table  gives  a  comparison  ol 
Pagrosomus  major,  P.  auratus,  and  the  type  of  Pagrus  arthurius: 


"Pagroso- 

mus  mi^r/' 

Tokyo. 


"Pagnisar- 

tharfaB," 

Port  Arthur. 


"PflSraso- 

mus 
atmtos," 
Australia. 


nuji 
anratos," 


Body  length mm. 

Depth.' 


Eye.. 

Preorbital  depth 

Snout 

MaxUlary 

Height  ol  fourth  dorsal  spine . 
Height  of  second  anal  spine . . . 

Dorsal  rays ». 

Anal  rays 

Scales  in  lateralline 

Scales  in  transverse  series 

QiU-rakers 


195 
SL6 
42.5 
8.5 
7.5 
14.5 
12.0 
14.5 

lao 

xn.io 

m,8 

57 

8/17 
7+9 


33^0 
44.0 
&6 
7.5 
14.5 
13.0 
14.0 
10.5 

xn,io 
ni,8 

56 
8/17 
8+9 


220 
34.0 
44.0 
9.5 
9.0 
16u0 
13.0 
15.0 
11.0 

xn,io 
ni,8 

S7 

9A7 

8+10 


43.0 
6.5 

9.0 
17.0 
15.0 
UO 

lao 

xn.io 

m.s 

51 

lai: 

ft+U 


1  Measurements  given  in  himdredths  of  body  length. 

(auraius,  gilded.) 

Since  this  paper  was  completed  Mr.  R^an  has  written  to  me  con- 
cerning the  Japanese  specimen  recorded  by  him  as  Pagru8  unicolor: 

I  have  compared  my  Japanese  unicolor  with  Australian  specimens,  and  with  Japan- 
ese major.  I  should  say  they  are  the  same  species  as  the  latter,  but  I  should  cer- 
tainly not  like  to  say  that  they  are  specifically  different  from  the  Australian  speci- 
mens. I  shall  be  interested  to  see  what  you  consider  the  distinctive  characters  of  the 
two  forms. 

The  species  Pagrosomus  auratus  should  therefore  be  omitted  from 
the  list  of  Japanese  fishes.  At  the  same  time  it  must  be  confessed 
that  Pagrosomus  major  is  very  close  to  it  and  that  it  may  ultimately 
prove  indistinguishable.  The  only  differences  we  detect  are  those 
slight  ones  indicated  in  the  above  description. 

17.  Genus  SPARUS  Linnaeus. 

Spams  Abtbdi,  Genera  Piscium,  1738,  p.  35. 

Spanu  LiNNiBus,  Syst.  Nat.,  ed.  10, 1758,  p.  277  (aurata,  pagnUy  etc.). 

Ckrysophrya  Cuvier,  R^e  Anim.,  ed.  1, 1817,  p.  272  (atarata). 

Aurata  Riseo,  Euroi)e  M^ridionale,  1828,  p.  356  (semUunata—auraia). 

Spams  Fleming,  British  AninuUs,  1828,  p.  211  (restricted  to  the  gilthead, 

Spam>s  aurata). 
ICkrysoblephus  Swainson,  Nat.  Hist.  Class.  Anim.,  vol.  2,  1839,  p.  221  (y*6- 

biceps);  (median  molars  very  large;  preopercular  limb  scaly). 
Pagrichthys  Bleekeh,  1860  (dried  sx>ecimen,  with  one  anal  spine  removed). 

Type. — Sparus  aurora  Linnseus. 

This  genus  agrees  in  general  with  Pagrus,  but  the  species  are  olive 
and  silvery  in  color,  never  red,  and  the  teeth  are  in  broader  bands, 
the  upper  molars  in  three  or  more  series.  The  scales  are  smaller  than 
in  PagruSy  Pagrosomus,  and  Argyrops  and  the  body  is  still  deeper. 


Digitized  by 


Google 


xo.  1875.   THE  JAPANESE  SPARID^^JORDAN  AND  THOMPSON.         581 

The  parietal  (epiotic)  crests  of  the  cranium  are  well  developed,  much 
as  in  Pagrus  pagrus.  Species  rather  numerous  on  the  coasts  of  the 
Old  World  from  England  to  Japan.  The  group  called  Chrysohlephus, 
from  South  Africa,  with  the  median  molars  erlarged,  is  probably 
generically  distinct.  The  genus  Calamus,  from  tropical  America, 
resembles  Spams  externally,  but  differs  remarkably  in  the  enlarged 
and  hollow  interhasmal  spine. 

{spams,  andpoc,  the  ancient  name,  from  anaipo),  to  gasp.) 

Key  to  species, 
a*.  Snout  very  blunt,  the  profile  approaching  the  vertical;  anal  rays  III,  11;  dorsal 
rays  XI  or  XIII,  13;  scales  about  60;  rows  of  olivaceous  stripes  along  the  series 

of  scales arieSy  27. 

a^.  Snout  more  or  less  acute,  the  profile  oblique;  anal  rays  III,  8;  scales  45  to  54. 
b^.  Body  rather  deep,  the  depth  2}  in  body  length;  dorsal  rays  XI,  12;  scales  45; 
second  anal  spine  1}  in  head;  olivaceous  spots  along  the  series  of  scales;  a 

dark  spot  at  origin  of  lateral  line;  lower  fins  yellow latus^  28. 

ft*.  Body  moderately  elongate,  the  depth  2f  in  length;  dorsal  rays  XI,  12;  scales  54; 
second  anal  spine  2}  in  head;  no  distinct  streaks  of  spots  along  rows  of  scales; 
color  dark;  anal  fin  partly  black swinhoniSy  29. 

27.  SPARUS  ARIBS  (Temmlnck  and  Schlegel). 
EYODAI  (ftont  porgy);  HEDAZ  (fnmt  pocgy). 

tSpcBTUB  sarba  FobakIl,  Descr.  Anim.,  1775,  p.  31  (Red  Sea).  . 

7Chry8ophrys  sarba  Cuvibb  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  6, 1830,  p.  102 
(Isle  de  France).— RtJppELL,  N.  W.  Fische,  1835,  p.  110,  pi.  28,  fig.  1  (Red 
Sea).— GiJNTHER,  Cat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  488  (Red  Sea).— 
Enbb,  Reise  Novara,  Fisch.,  1860,  p.  88. — KLTrnziNGEB,  Syn.  Fische  Roth. 
Meer.,  Verb.  z.  b.  Ges.  Wien,  vol.  20,  1870,  p.  759  (Red  Sea).— Day,  Fishes 
India,  1875,  p.  142,  pi.  34,  fig.  6  (Madras).— Sauvaoe,  PoIbs.  Madag.,  1891, 
p.  195,  pi.  25a,  ^.  3  (Lagunes  of  eastern  coast  of  Madagascar). 

Sparus  sarba  J OBDA.V  and  Seals,  Fishes  Hongkong,  Proc.  Davenport  Acad.  Sci., 
vol.  10, 1905,  p.  10  (not  sjmonymy). 

t Spams  bufonites  LAcipftDE,  Hist.  Nat.  Poiss.,  1803,  pp.  141,  143,  pi.  26,  fig.  3. 

7Sparus  psittacus  Lac]&p&de,  Hist.  Nat.  Poiss.,  1803,  pp.  141,  143. 

?Chrysophrys  chrysargyra  Cuvieb  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  6, 
1830,  p.  107  (Vizagapatam). 

Ckrysophrys  aries  Temminck  and  Schleoel,  Fauna  Japonica,  1843,  p.  67,  pi.  31 
(Nagasaki).- Bleekeb,  Verb.  Bat.  Gen.,  vol.  26,  1857,  p.  87  (Nagasaki).— 
Gt)NTHEB,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  489  (China).— Stbindachneb 
and  D5DEBLEIN,  Beitr.  Fische  Japan's,  II,  Denkschr.  kais.  Akad.  Wiss. 
Wien,  vol.  48, 1883,  p.  18  (Tokyo,  Tango). 

Spams  aries  Jobdan  and  Sntdeb,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and 
3,  1901,  p.  79  (Yokohama). 

Spams  latus  Jobdan  and  Evebmann,  Proc.  U.  S.  Nat.  Mus.,  vol.  25, 1903,  p.  350 
(Giian,  Formosa). — Jobdan  and  Richabdson,  Fishes  Formosa,  Mem.  Carne- 
gie Mus.,  vol.  4,  No.  4, 1909.    (Not  of  Houttuyn,  not  Pagrus  latus  Richardson.) 

Habitat — Coasts  of  southern  Japan  and  China.    Possibly  identical 
with  Spams  sarba  Forsk&l  of  the  Red  Sea  and  East  Indian  region. 

Description  of  nine  specimens  from  Wakanoura,  one  from  Naga-  , 
saki,  three  from  Tokyo,  two  from  Hongkong,  and  one  from  Moreton 
Bay,  Queensland,  Australia.    Body  lengths  ranging  up  to  250  noun. 
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Head  3^  in  body  length;  depth  2\;  eye  4-4^  in  head;  depth  of 
preorbital  3^  to  4^;  D.  XI  or  XII,  13;  A.  Ill,  11;  scales  in  longi- 
tudinal series  56  to  64,  in  transverse  between  insertions  of  dors^ 
and  anal  7  or  8/13  or  14;  gill-rakers  6  +  8. 

Dorsal  profile  arched  more  strongly  from  snout  to  dorsal  than 
posteriorly;  mouth  low,  close  to  straight  ventral  profile;  lower  jaw 
included;  snout  short,  rounded,  slightly  overhanging  premaxillaries, 
its  profile  approaching  the  vertical  at  tip.  Eyes  well  below  upper 
surface  of  head,  interorbital  region  arched  strongly  from  side  to  side, 
3  in  head;  frontals  prominent.  Snout  2J  in  head,  maxillary  2^, 
ending  under  anterior  half  of  pupil.  Preorbitals  broader  than  eye 
in  adults.  Preopercular  margin  entire,  flexible.  •Jaws  powerful, 
heavy.    Teeth  in  upper  jaw  in  four  rows  of  molars,  outer  rounded, 


FlO.  9.— SPARUS  ARIX8. 


small;  inner  largest;  third  consisting  posteriorly  of  two  very  large 
molars;  fourth  and  innermost  ending  at  middle  of  jaw.  Three  rows 
of  molars  in  lower  jaw,  outermost  smallest,  rounded,  second  enlarging 
posteriorly,  to  form  three  very  large  molars,  the  last  largest;  third 
row  ending  before  middle  of  jaw.  Three  incisor  teeth  on  either  side 
of  both  jaws  in  front,  set  somewhat  rodent-like. 

Third  and  fourth  dorsal  spines  longest,  2J  to  2J  in  head;  last  2? 
in  head,  slightly  longer  than  succeeding  ray,  which  is  longer  than 
the  last  rays.  Anal  spines  similar  to  dorsal  spines,  the  second  and 
third  equal  and  of  same  length  as  the  latter.  Anal  rays  rapidly 
decreasing  in  length  to  last,  which  is  half  that  of  first.  Fin  outline 
straight.  Pectoral  long,  reaching  anal,  equal  to  head  plus  two-thirds 
of  eye  diameter.  Ventrals  IJ  to  1 J  in  head.  Caudal  nearly  as  long 
as  head. 
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Scales  smooth  to  touch,  cycloid,  present  as  a  sheath  at  bases  of 
dorsal  and  anal,  present  on  cheeks  in  five  or  six  rows.  Lateral  line 
but  little  arched. 

Color  of  alcoholic  specimens  uniformly  silvery,  unsealed  portions 
of  head  dusky,  the  iris  yellow.  Peritoneum  black,  gill  cavity  lining 
clear.  A  small  black  spot  at  beginning  of  lateral  line,  in  some  speci- 
mens obsolete;  anal  fin  more  or  less  dusky. 

This  species  is  generally  common  in  southern  Japan,  and  may  be 
known  at  once  by  its  deep  body,  blunt  snout,  and  long  anal  fin. 

The  eye  in  Spams  sarba  is  described  and  figured  as  much  larger 
than  in  Spams  aries  (3  to  3  J  in  head  in  S,  sarba,  and  4  to  4^  in  S. 
aries).  The  anterior  profile  is  much  steeper  and  more  convex  in  the 
latter,  apparently,  than  is  shown  in  the  plates  of  Spams  sarba.  The 
specimens  from  Hongkong  recorded  as  Spams  sarba  by  Jordan  and 
Seale  are  quite  identical  with  the  Japanese  specimens.  The  dentition 
is  the  same,  and  not  as  descril>ed.  If  the  Japanese  form  should 
prove  inseparable  from  that  of  the  East  Indies,  it  would  stand  as 
Spams  sarba. 

(aries,  ram.) 

28.  SPARUS  LATUSi  Hduttnyn. 
XAID8U. 

Sparus  latus  Houttuyn,   Holl.  Maat.  Wet.  Haarlem,   XX,   Deel.  2,   1782, 

(Nagasaki). 
Wparus  Jiasta  Bloch  and  ScHNEn>BB,  Syst.  Ichth.,  1801,  p.  275  (Goromandel 

Coast  and  India). 
Chrysophrys  hasta  GDnthsb,  Gat.  Fish.  Brit.  Mus.,  vol.  1,  1859,  p.  490  (Japan) 

(part). — Steindachnbr  and  D5derlein,  Beitr.  Fische  Japan's,  II,  Denkschr. 

kais.  Acad.  Wiss.  Wien,  1883,  p.  17  (Tokyo). 
^Coiu8  datnia  Hamiij<on  Buchanan,  Fish.  Ganges,  1822,  p.  88,  pi.  9,  fig.  29 

(Ganges). 
Sparus  datnia  Bleekbr,  Versl.  kon.  Acad.  Wet.,  2  Rks.,  vol.  11, 1876,  p.  5,  pi.  2 

(Nagasaki,  not  Calcutta). — Bleekbr,  Atlas  Ichth.,  vol.  8,  p.  109  (Nagasaki). 
JSparus  berda  Cuvier  and  Valbnciennbs,  Hist.   Nat.  Poiss.,  vol.  6,  1830, 

p.  113  (Pondicherry).— Jordan  and  Richardson,  Check  List  Philippine 

Island  Bur.  of  Sci.,  1,  Manila,  1910,  p.  31. 
Sparus  berda  Richardson,  Ichth.  China  and  Japan,  1846,  p.  240  (Canton).— Jordan 

and  Evermann,  Proc.  U.  S.  Nat.  Mus.,  vol.  25,  1903,  p.  350  (Formosa).— 

Jordan  and  Richardson,  Fishes  Formosa,  Mem.  Carnegie  Mus.,  vol.  4,  No.  4, 

1909,  p.  189  (Formosa),  (not  Sparus  berda  ForskAl,  1775). 
Ckrysophrys  Umgispinis  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  6, 

1830,  p.  116  (Japan),  (not  type,  from  Calcutta). 
tCalamccra  Russell,  Fishes  of  Vizagapatam,  vol.  1, 1803,  p.  63,  pi.  92  (Coromandel). 
1  Ckrysophrys  calamara  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss.,  vol.  6, 1830, 

p.  117  (Java,  Malabar).— Cantor,  Cat.  Malay.  Fish,  1850,  p.  48  (Sea  of  Pinang). 
Ckrysophrys  auripes  Richardson,  Ichth.  China  and  Japan,  1846,  p.  241  (Canton). 
Ckrysophrys  xantkopoda  Richardson,  Ichth.  China  and  Japan,  1846,  p.  241 

(Canton). 

1  The  foUowing  is  the  substaooe  of  Houttayn's  aoooimt  of  Spwnu  latuv  "I  have  called  this  species 
In  which  the  scales  are  placed  in  stripes  lengthwise  'wide  sea-brassen'  because  it  is  one  of  the  widest  of  the 
bmily,  the  specimen  8  inches  long,  an  inch  and  a  half  wide.  Color  yellowish,  silvery  under  the  scales. 
D.Xn,9;  A.in,8." 
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Ckrysophrys  schlegeli  Bleekbr,  Nat.  Tijd.  Ned.  Ind.,  vol.  6,  1854,  p.  400  (pwl, 
specimen  witfi  45  scalee),  (Nagaaaki);  Nieuwe  Nalez.Verh.  Bat.  Gen.,  tcL  26, 
1857,  pp.  20  and  86  (Nagasaki).— Jordan  and  Snyder,  dieck  JJst,  Ana. 
Zool.  Jap.,  vol.  3,  pte.  2  and  3,  1901,  p.  80  (part). 

Sparus  chrysopterus  Kishinouyb,  Zool.  Mag.  Tokyo,  vol.  19,  1907,  p.  327  (KiuaiB, 
Shikoku,  Inland  Sea  and  Pacific  coast  of  Central  Hondo). 

Habitat. — Southern  Japan  and  China. 

Described  from  a  specimen  155  mm.  long  from  Kobe  and  one  190 
mm.  long  from  Wakanoura,  besides  four  specimens  100  to  108  mm. 
in  body  length  from  the  latter  place. 

Head  3 J  in  body  length;  depth  of  body  2J;  eye  4|  in  head;  depth 
of  preorbital  6 ;  second  anal  spine  1 J  in  head;  D.  XI,  1 1  or  12 ;  A.  HI,  8; 
scales  in  lateral  line  45,  in  transverse  series  5  or  6/12;  gill  rakers  6+9 
or  10. 


FlO.  10.— SPABUS  LATU8. 

Dorsal  profile  of  head  neariy  straight  to  occiput,  body  profile  most 
strongly  arched  anteriorly,  sometimes  slightly  concave  behind  eyes. 
Snout  more  pointed  than  in  S.  aries,  the  upper  profile  not  approaching 
the  vertical;  lower  jaw  not  included,  upper  jaw  not  overhung  by  tip  of 
snout;  preorbital  narrow,  not  as  broad  as  eye  is  long.  Interorbital 
space  arched  moderately.  Maxillaiy  ending  under  center  of  pupil, 
2 J  in  head;  preopercle  very  minutely  serrated,  not  flexible.  Teeth 
in  jaws  only;  lower  jaw  with  two  rows  posteriorly,  both  of  rounded 
molars;  inner  row  broadest  save  posteriorly,  where  it  is  replaced  by 
much  smaller  ones;  both  becoming  granular  anteriorly.  A  third 
inner  row  of  small  rounded  molars  present  along  anterior  halves  of 
each  mandible.  Upper  jaw  with  three  rows  of  rounded  molars  in 
front,  the  outer  conical  anteriorly,  the  middle  row  extending  only  half 
way  to  snout,  where  it  is  replaced  by  another  row  inside  of  the  third, 
all  becoming  granular  anteriorly.  Six  conical  canines  present  in 
front  in  each  jaw. 
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Third  and  fourth  dorsal  spines  longest^  If  to  2  in  head,  last  spine  2^ 
in  head.  Dorsal  rays  but  little  longer  than  the  latter.  Anal  spines 
Teiy  strong,  heavy,  the  second  strongest,  1|  to  1}  in  head,  third  2§  to 
24  (in  adults).  First  ray  much  shorter  than  second  spine  but  equal 
to  third,  tip  of  second  spine  nearly  coinciding  with  that  of  last  ray 
when  supine,  or  extending  beyond  its  middle.  Pectorals  long, 
falcate,  reaching  third  anal  spine,  equal  to  head  plus  eye  diameter. 
Ventrals  li  in  head.     Caudal  forked,  nearly  as  long  as  head. 

Scales  very  slightly  ctenoid  below  lateral  line,  present  as  low  sheath 
at  bases  of  vertical  fins;  rows  on  cheek  6  or  7.  Lateral  line  more 
strongly  arched  anteriorly  than  in  S.  aries. 

Color  of  alcoholic  specimens  imiform,  save  for  indistinct  small 
blotch  at  upper  angle  of  gill  opening.  Dorsal  margined  strongly  and 
somewhat  shaded  below  with  black.  Anal  lightly  stippled  with 
black;  a  faint  dusky  shade  at  base.  Caudal  margined  with  black. 
Scale  rows  indicated  by  longitudinal  stripes,  but  not  as  prominently 
as  in  Spams  aries.  A  dark  spot  at  origin  of  lateral  line.  Peritoneum 
silvery.  Gill  cavity  lining  colorless.  In  life  silvery  with  dark  brown 
streaks;  fins  and  lower  lobe  of  caudal  bright  golden. 

It  is  very  questionable  whether  this  fish  extends  into  the  Indian 
Seas,  or  beyond  Formosa.  Bleeker  considered  it  identical  with 
specimens  from  Calcutta,  but  says  that  there  is  a  difference  in  the 
number  of  dorsal  spines,  12  in  the  Indian,  11  in  Japanese.  His  first 
description  of  8.  schlegdi  from  Japan  was  composite,  according  to  his 
later  paper.^  The  characters  were  certainly  taken  from  the  species 
here  called  8.  smnhonis,  and  not  from  the  present  species.  However, 
he  applied  the  name  8,  schlegdi  to  the  latter,  and  identified  it  with 
Indian  specimens.  He  decided  that  8.  Tuista  was  distinct  from  either, 
as  it  probably  is.  On  this  basis  his  Indian  synonymy  has  been 
worked  out.  Spams  herda  of  Forsk&l,  from  the  Red  Sea,  is  not  the 
same  as  our  fish,  if  we  may  judge  by  Riippeirs  figure,  and  all  pub- 
lished descriptions  from  that  locality.  Steindachner  and  Doderlein 
say'  that  Ohrysophrys  cuvieri,  schlegdi,  datnia,  and  Tuista  of  Bleeker 
are  the  same  species  in  all  probability,  but  the  evidence  available  is 
all  against  this  view.  A  careful  comparison  of  actual  specimens  from 
all  localities  will  be  necessary  to  decide  the  niunber  of  species  present. 

We  adopt  for  the  Japanese  fish  the  name  Spams  lotus.  Hout- 
tuyn's  careless  description  has  three  distinct  characters  of  the  spe- 
cies, the  deep  body,  the  rows  of  olive  spots  on  the  rows  of  scales,  and 
the  presence  of  rays  III,  8  in  the  anal.  Spams  aries  has  the  anal 
III,  11.  Spams  smvJionis  has  no  distinct  rows  of  spots.  The  name 
Spams  herda,  from  the  Red  Sea,  is  older  than  Houttuyn's  name, 
and  it  may  prove,  after  all,  that  the  two  species  are  identical, 
although  the  present  evidence  points  to  the  contrary.     If  the  pre- 

>  Versl.  kozL  Acad.  Wet.,  vol.  11, 1876,  p.  6.  <  Beitr.,  vol.  2, 1883. 
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ceding  species  is  called  Spams  sarba,  this  one  may  well  be  Spams 
herda.    But  our  material  is  inadequate  to  settle  either  question. 

We  consider  Spam^  chrysopterus  Eishinouye  identical  with  the 
present  species  as  there  is  no  character  given  by  which  it  may  be 
distinguished.  The  black  spot  ''in  the  anal  fin  near  its  base"  is 
represented  in  our  specimens  by  a  slight  dusky  shade.  Mr.  Kishi- 
nouye  gives  the  following  translation  of  the  original  description: 

D.  XI,  II;  A.  Ill,  8.  Scales  4  or  5-42*11.  Pyloric  cceca  4.  Vertebzae  24.  Height 
of  the  body  2}  in  the  total  length  with  caudal,  and  the  length  of  head  4}  in  the  same. 
Snout  obtuse  and  the  Bupraoccipital  region  is  a  little  elevated.  Incisors  4-6  in  each 
jaw,  and  molars  are  weakly  developed  and  sparsely  distributed  in  3  irregular  rows. 
The  second  spine  of  the  anal  very  long,  longer  than  the  length  of  the  insertion  of  the 
same  fin.  Grayish  or  greenish  gray  at  the  back  and  silvery  white  at  the  abdomen. 
A  black  spot  respectively  near  the  origin  of  the  lateal  line  and  in  the  anal  fin  near  iti 
base.    Ventrals,  anal,  and  the  lower  lobe  of  the  caudal  yellow. 

It  is  told  that  this  species  grows  to  the  length  of  about  36  cm.  This  species  seems  to 
spawn  in  the  autumn.  Known  from  warmer  parts  of  our  country — Kiushiu,  Shikoku, 
Inland  Sea,  and  at  the  Pacific  coast  of  the  central  part  of  Hondo. 

This  species  is  generally  common  in  southern  Japan.     Our  speci- 
mens are  from  Wakanoura  and  Kobe. 
(JaiuSj  broad.) 

29.  SPARUS  SWmHONIS  Gflnfher. 
KTTBODAZ  (blMk  porgy). 

Chrysophrys  longispinis  Temminck  and  Schlbobl,  Fauna  Japonica,  1843,  p.  68, 
pi.  32  (Nagasaki). — Richardson,  Ichth.  China  and  Japan,  1846,  p.  240  (on 
specimen  of  Temminck  and  Schlegel),  (not  of  Guvier  and  Valenciennes). 

Chrysophrya  sdilegeli  Blebker,  Japan,  Nat.  Tijd.  Ned.  Ind.,  vol.  6,  1854,  p.  400 
(Nagasaki)  (part,  not  of  described  specimen);  Nieuwe  Nalez.  Verfa.  Bat 
Gen.,  vol.  26, 1857,  p.  86  (after  above).  (See  Versl.  kon.  Acad.  Wet.,  2  Rks., 
vol.  11, 1876,  p.  7.) 

Spams  smnhonia  Gt^NTHBB,  Ann.  and  Mag.  Nat.  Hist.,  1874,  p.  165  (Ghifu  in 
China). 

8paru8  sMegeli  Blbbkbr,  Versl.  kon.  Acad.  Wet.,  2  Rks.,  vol.  11,  1876,  p.  2 
(Nagasaki),  (not  of  Nieuwe  Nalez.,  p.  86).— Jordan  and  Snyder,  Check  List, 
Ann.  Zool.  Jap.,  vol.  3,  pts.  2  and  3, 1901,  p.  80  (Japan),  (in  part). 

Spams  lonffispinis  Jordan  and  Richardson,  Fishes  Formosa,  Mem.  Carnegie 
Mus.,  vol.  4.  No.  4, 1909  (Takao). 

Habitat. — Ck)asts  of  southern  Japan  and  China. 

Description  of  a  specimen  from  Kobe,  one  from  Wakanoura,  and 
12  from  To^o.     Body  lengths  from  60  to  225  mm. 

Head  3}  in  length  of  body,  depth  2§;  eye  4§  to  5  in  head;  depth 
of  preorbital  6;  D.  XI,  12;  anal  III,  8;  scales  in  longitudinal  series 
53  to  56  to  last  vertebra;  in  transverse  series  between  insertions  of 
dorsal  and  of  anal  7/15;  gill-rakers  6  +  8. 

Dorsal  profile  similar  to  that  of  Spams  lotus;  straight  from  snout 
to  occiput;  most  strongly  arched  anteriorly;  sometimes  slightly  con- 
cave behind  eyes.  Snout  somewhat  pointed,  upper  profile  not  over- 
hanging premaxillaries.    Lower  jaw  not  included,  equal  to  upper. 
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Preorbitals  not  as  broad  as  eyes.  Interorbital  space  occasionally 
slightly  gibbous.  Maxillary  2^  in  head,  ending  under  anterior  half 
of  eye.  Preopercle  very  minutely  serrated.  Teeth  in  jaws  much  as 
in  8.  lotus,  in  three  rows  above,  in  two  below,  all  rounded  molars 
save  outer  row  above,  which  is  somewhat  incisorlike  anteriorly,  and 
all  becoming  granular  in  front.  Six  moderate  canines  present  in 
front  on  each  jaw. 

Dorsal  spines  longest  in  third  and  fourth,  2-2^  in  head,  last  2^  to 
3} ;  dorsal  rays  of  nearly  equal  length,  about  2\  in  head.  Anal  spines 
of  moderate  strength,  between  those  of  S.  aries  and  S.  lotus;  second 
contained  2  to  2J  in  head,  third  2§  to  2f .  First  anal  ray  nearly 
equal  to  length  of  second  spine,  and  longer  than  third.  Fin  outline 
straight  or  but  slightly  concave,  tip  of  second  spine  not  extending 
beyond  middle  of  last  ray,  when  supine.  Pectoral  long,  falcate, 
reaching  to  second  anal  spine.  Yentr^  1|  in  head.  Caudal  nearly 
equal  to  head. 


710.  U.— SPABUS  8WINHONIS. 

Scales  slightly  ctenoid  below  lateral  line;  not  present  on  snout, 
preorbitals,  jaws,  interorbital  space,  or  preopercular  margin;  present 
as  a  low  sheath  along  bases  of  vertical  fins,  on  cheek  in  7  or  8  rows. 

CJolor  of  alcoholic  specimens  uniform,  those  from  To^o  with 
darker  color,  probably  because  of  preservation.  Rows  of  scales 
indicated  by  prominent  stripes  on  cheeks  as  well  as  on  body.  Ver- 
tical fins  all  dusky,  dorsal  mailed  with  denser  black,  pectorals  and 
ventrals  somewhat  clearer;  anal  largely  black.  Peritoneum  silvery, 
gill  cavity  clear. 

This  species  differs  from  Spams  lotus  in  a  greater  number  of  scales, 
lower  dorsal  and  anal  spines,  the  latter  not  reaching  beyond  half  the 
length  of  the  last  ray,  beside  several  smaller  points  of  difference. 

This  well-marked  species  is  very  common  in  southern  Japan  and 
China.    Our  specimens  are  from  Tokyo,  Wakanoura,  and  Kobe.    It 
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has  been  confused  with  Sparvs  lotus  under  the  name  of  sehlegdi  and 
with  Sparua  longispinia  from  India,  but  it  is  distinct  from  both, 
and  it  is  not  yet  recorded  from  the  East  Indies. 
(Named  for  Mr.  R.  Swinhoe,  consul  at  Chifu.) 

7.  Family  KYPHOSIDiE. 

The  BITDDSK  FI8HX8. 

Herbivorous  &hes,  with  incisor  teeth  only  in  the  front  of  the  jaws. 
Body  oblong  or  elevated,  with  moderate  or  small  scales,  ctenoid  or 
smooth.  Mouth  moderate,  with  incisor-like  teeth  in  the  front  of  each 
jaw;  no  molars;  teeth  on  vomer  and  palatines  present  or  absent; 
premaxillaries  moderately  protractile;  preorbital  rather  narrow, 
sheathing  the  maxillary.  Gill  rakers  moderate;  pseudobranchiae 
well  developed;  opercles  entire.  Gills  4,  a  slit  behind  the  fourth; 
gill  membranes  separate,  free  from  the  isthmus;  dorsal  fin  continuous 
or  divided,  with  10  to  15  rather  strong  spines,  the  soft  dorsal  naked 
or  scaly;  anal  with  3  spines;  ventrals  thoracic,  the  rays  I,  5,  an 
accessory  scale  at  base;  caudal  lunate  or  forked;  pectoral  fin  with 
all  its  rays  branched.  Intestinal  canal  elongate,  with  few  or  many 
pyloric  c»ca.  Air  bladder  usually  with  2  posterior  horns.  Verte- 
brae in  ordinary  or  slightly  increased  number,  24  to  28.  Post-tem- 
poral of  normal  percoid  form,  the  stout  forks  not  adnate  to  the  cra- 
nium. Herbivorous  shore  fishes,  feeding  largely  on  green  or  olive 
algse;  chiefly  of  the  Mediterranean  Sea  and  the  Pacific  Ocean;  most 
of  them  valued  as  food. 

Key  to  genera. 

a>.  GntBiUNJB.    Soft  part  of  donal  and  anal  fins  naked  or  partly  scaled;  head  more 
or  lees  naked;  teeth  in  broad  bands,  all  freely  movable,  none  on  vomer;  pyloric 
ceeca  very  numerous;  vertebrae  in  somewhat  increased  number.    Pacific  Ocean. 
h  ^  Incisors  all  tricuspid, 
c^.  Dorsal  spines  14  or  15;  each  jaw  with  a  series  of  flat,  movable,  tricuspid  in- 
cisors, behind  which  is  a  broad  band  of  similar  smaller  ones;  dorsal  continu- 
ous, its  spines  low OireUa,  18. 

a\  KTFHosiNiB.    Soft  parts  of  vertical  fins  closely  scaled;  teeth  more  or  less  fixed, 
usually  present  on  vomers  pyloric  cseca  numerous. 

J '.  Top  of  head  as  well  as  sides  and  jaws  closely  scaled;  broad  bands  of  teeth  be- 
hind the  incisors;  villiform  teeth  on  vomer,  palatines  and  tongue;  dorsal 
spines  low;  incisor  teeth  lanceolate. 
e^  Incisor  teeth  strong,  with  horizontal,  backward  projecting  roots;  soft  dor- 
sal and  anal  not  much  elevated. 
fK  Incisor  teeth  well  developed,  each  with  a  conspicuous  horizontal  pro- 
cess or  root;  caudal  fin  moderate,  about  as  long  as  the  head,  the  outer 
rays  not  3  times  as  long  as  middle  rays;  junction  of  gill  membranes 
forming  an  angle Kyphosus,  19. 
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18.  Genus  GIHELLA  Gray. 

Oirella  Gray,  111.  Ind.  Zool.,  about  1835  (punctata). 

Melanichtkys  Temminck  and  Schleobl,  Fauna  Japonica,  1844,  p.  75  (melanicht^a). 

Camarina  Atbes,  Proc.  Cal.  Acad.  Sci.,  1860,  p.  81  {nigricans). 

Type. — OireUa  punctata  Gray. 

Body  oblong-ovate,  compressed,  covered  with  rather  lai^e  scales. 
Mouth  small,  with  a  series  of  tricuspid,  movable  incisors,  behind 
which  is  a  broad  band  of  similar  smaller  ones;  no  molar  teeth;  no 
teeth  on  vomer  or  tongue;  lower  pharyngeal  teeth  slender.  Cheeks 
with  very  small  scales;  operdes  and  top  of  head  chiefly  naked.  Oill 
rakers  slender.  Dorsal  fin  rather  low,  with  about  14  spines,  on  the 
bases  of  which  the  scales  extend,  forming  an  imperfect  sheath;  no 
groove  at  base  of  dorsal;  no  procumbent  dorsal  spine;  anal  spines 
small,  graduated ;  caudal  lunate.  Air  bladder  divided  into  2  posterior 
horns.  Pyloric  caaca  numerous;  intestinal  canal  elongate;  perito- 
neum black.  Vertebr»  11  +  16  or  17«27  or  28.  Herbivorous. 
Pacific  Ocean.  This  genus  contains  several  species  found  on  the 
east  coast  of  Asia  and  one  characteristic  of  the  rocky  shores  of 
California.    They  are  herbivorous  fishes,  feeding  on  seaweeds. 

(From  the  French  "Girelle,''  which  is  a  derivative  of  Julis,  and  is 
applied  to  smaller  Labroids.) 

Key  to  species. 

a  ^  Dorsal  rays  XV,  13;  anal  rays  III,  12;  scales  about  53;  a  dark  spot  on  each  scale  on 
sides,  these  forming  lengthwise  stripes;  no  dark  opercular  flap;  no  pale  vertical 

band punctata,  30. 

a».  Dorsal  rays  XIV,  14. 
b^.  Scales  about  50;  scales  with  dark  edges;  opercular  flap  pale;  young  with  a 
whitish  vertical  bar  at  the  shoulder;  anal  rays  III,  11;  lower  half  of  opercle 

scaled mezina,  31 . 

h  '.  Scales  about  62;  scales  all  dark;  sides  without  longitudinal  streaks  of  spots;  no 
pale  bar  at  shoulder;  anal  rays  III,  13;  lower  half  of  opercle  scaleless. 

mdanichthys,  32. 
30.  GIRSLLA  PTTlf  CTATA  Ony. 

MEJIVA. 

GireUa  punctata  Gray,  111.  Ind.  Zool.,  1830-1835,  pi.  98,  fig.  34  (Canton). 

Crenidens  punctatus  Richardson,  Ichth.  China  and  Japan,  1842,  p.  242  (Canton), 
(dorsal  rays  XV,  14). 

Gvrella  punctata  GI^nther,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  427  (Canton  and 
Japanese  Seas),  (not  synonymy). — Steindachner  and  DdDBRLBiN,  Beitr. 
Fische  Japans,  II,  Denkschr.  kais.  Akad.  Wiss.  Wien.,  1883,  p.  21  (Tokyo).— 
Ntstrom,  K.  Svenska.  Vet.  Akad.,  vol.  13,  Afd.  4,  No.  4,  1887,  p.  15 
(Nagasaki).— Jordan  and  Sntder,  Check  List,  Ann.  Zool.  Jap.,  vol.  3,  pts. 
2  and  3,  1901,  p.  80  (Yokohama).— Ishikawa,  Prel.  Cat.  Tokyo  Imp.  Mus., 
vol.  1, 1897,  p.  53.— Jordan  and  Starks,  U.  S.  Nat.  Mus.,  vol.  32, 1907,  p.  497, 
fig.  5  (Wakanoura,  Tokyo,  Yokohama,  Nagasaki,  Misaki,  and  Tsuruga). 

Habitat. — Coasts  of  southern  Japan  and  China. 
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Description  of  specimens  from  Tsuruga,  Akune  in  Satsuma,  Naga- 
saki, and  Tokyo;  ranging  from  very  young  to  30  cm.  in  body  lengdi, 
a  specimen  15.5  cm.  long  from  To^o,  taken  as  typical. 

Head  3|  in  length  to  last  vertebra ;  depth  2f ;  eye  4  (3^—5)  in  head; 
snout  3;  maxillary  3J;  interorbital  space  2J  to  2};  D.  XV,  13;  A. 
Ill,  12;  scales  in  lateral  line  50  to  56;  in  transverse  series  betweesi 
insertion  of  dorsal  and  anal  9/18. 

Snout  not  greatly  rounded;  premaxillaries  at  tip  not  vertical  but 
protruding,  their  upper  edge  nearly  on  level  of  nostrils.  Jaws  equal, 
maxillaiy  ending  below  posterior  nostril  or  before  eyes,  mouth  strongly 
oblique.  Prefrontals  somewhat  prominent.  Distance  of  preoi>ercular 
margin  from  posterior  border  of  eye  contained  1 J  in  eye.  Preopercle 
finely  serrated  on  upright  limb,  only  partially  on  horizontal.    Cheek 


FlO.  12.~GlBBLLA  PUNCTATA. 

longer  than  deep,  measured  from  eye  to  lower  margin  of  proopercte 
and  from  end  of  maxillary  to  vertical  margin  of  preopercle.  Gill- 
rakers  26  to  30  on  lower  limb  of  first  arch.  A  single  series  of  tri- 
cuspid teeth  in  both  jaws  backed  by  a  band  of  much  smaller  ones. 

Dorsal  spines  increasing  in  length  to  last,  which  is  2  in  head. 
Dorsal  rays  slightly  longer.  Third  anal  spine  longer  than  second,  and 
contained  thrice  in  head.  Soft  dorsal  and  anal  fin  straight,  posterior 
angles  rather  pointed.  Caudal  emarginate  in  adults,  truncate  in 
young,  lobes  not  rounded.  Pectorals  slightly  shorter  than  head,  tips 
rounded.    Ventrals  reaching  anus,  If  in  head. 

Scales  roughly  ctenoid,  smooth  to  touch  on  head.  Present  on 
proximal  half  of  pectoral,  two-thirds  of  dorsal  and  anal,  and  in  two 
or  three  small  rows  along  bases  of  dorsal  and  anal  fins.  Head  scaled 
to  between  eyes,  on  cheeks  and  suborbitals,  minutely  on  upper  limb 
of  preopercle,  not  on  lower,  and  on  upper  half  of  opercle.  No  scales 
on  subopercle  or  lower  half  of  opercle,  and  only  occasional  scales  on 
interopercle.    SnOut  and  jaws  naked. 
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Color  in  alcohol  uniform  brown,  dark  greenish  in  life,  lighter  along 
ventral  edge  of  body  and  head.  Dorsal  fin  as  dark  as  body;  caudal 
more  lightly  colored;  ventrals  light,  or  white,  on  lower  side  save  at 
dark  tips,  and  darker  above;  pectorals  similar,  a  narrow  dark  bar 
across  their  bases.  Scale  rows  marked  by  a  dark  spot  at  base  of  each 
scale.     Preopercular  flap  colored  like  the  body. 

This  species  is  generally  common  on  the  shores  of  southern  Japan. 
We  have  seen  specimens  of  various  sizes  from  Tsuruga,  Akune,  Waka- 
noura,  Tokyo,  Yokohama,  Misaki,  and  Nagasaki.  It  is  valued  as  a 
food  fish. 

It  is  easily  known  by  the  number  of  15  dorsal  spines,  and  by  the 
presence  on  the  sides  of  stripes  along  the  rows  of  scales. 

(pundaiusj  spotted.) 

31.  GIRSLLA  MEZINA  Jordan  and  Starks. 

Girella  mezina  Jordan  and  Starks,  Ptoc.  U.  S.  Nat.  Mus.,  vol.  32,  1907,  p.  496, 
fig.  3  (Naha,  in  Kiu  Kiu  Islands). — Jordan  and  Richardson,  Mem.  Gam^e 
Mus.,  vol.  4,  No.  4,  1909,  p.  190  (Takao  in  Formosa). 


Fia.  13.— GlHELLA  MSZINA. 


Hahitat. — Southern  Japan  to  Formosa. 

Description  of  a  specimen  73  mm.  in  total  length  from  Misaki, 
Japan,  collected  by  Professor  Snyder,*  and  of  the  type  and  two 
cotypes  of  the  species  from  Nafa,  Okinawa,  Riu  Kiu  Islands. 

Head  3|  in  length  to  base  of  caudal;  depth  2 J;  eye  3i  in  head; 
maxillary  3;  interorbital  space  3§;  D.  XIV,  14;  A.  Ill,  11;  scales  in 
lateral  line  50,  in  transverse  series  between  insertions  of  dorsal  and 
anal  8/17. 

1  Record  hj  pennlssion  taken  from  Snyder's  manuscript  notes. 
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Snout  much  rounded  in  profile;  premaxillaries  vertical  or  slightly 
receding,  their  upper  margin  at  or  below  level  of  lower  border  of  eye, 
in  very  young  the  premaxillaries  protrude  as  in  the  other  species. 
Maxillary  ending  under  or  slightly  behind  anterior  border  of  eye. 
Depth  of  cheek  from  eye  to  horizontal  border  of  preopercle  greater 
than  its  length  from  end  of  maxillaries  to  vertical  margin.  Vertical 
margin  of  preopercle  finely  serrated,  lower  but  partially.  Teeth 
three  pointed.    Gill-rakers  22  on  lower  limb  of  first  arch. 

Dorsal  spines  increasing  to  last,  which  is  2  in  head.  Dorsal  rays  1). 
Second  anal  spine  equal  to  third,  2}  in  head.  Pectoral  1^  in  head, 
ventrals  1),  the  latter's  spines  2}.  t^osterior  angle  of  dorsal  not 
pointed.  Anal  margin  rounded,  as  is  pectoral  tip.  Caudal  emaip- 
nate  or  lunate,  less  nearly  truncate  in  young,  angles  not  very  sharp. 

Scales  roughly  ctenoid.  Head  scaled  to  above  anterior  margin  of 
eyes,  and  on  all  opercles  but  the  interopercle,  including  the  lower 
half  of  the  opercle.  Rows  extending  up  both  anal  and  dorsal  spines, 
and  over  basal  half  of  soft  fins. 

Color  in  alcohol  comparatively  light,  darker  above.  A  conspicuous 
white  band  usually  present  across  body  from  eighth  or  ninth  dorsal 
spines  toward  anus,  never  reaching  it,  uid  vanishing  sometimes  before 
lateral  line,  this  band  more  indistinct  with  age,  or  even  becoming 
obsolete.  Dorsal,  anal,  and  caudal  dark,  apparently  somewhat  mot- 
tled. Pectorals  and  ventrals  lighter,  former  with  an  indistinct  bar 
across  its  base,  latter  darker  above.  Scale  rows  marked  by  darker 
margin  of  scales.     Opercular  flap  pale. 

Of  this  species  we  have  seen  the  original  type,  from  the  Riu  Eiu 
Islands,  and  one  example  taken  by  Professor  Snyder  at  Misaki. 

(Mejina,  the  local  name.) 

32.  ODUCLLA  MSLAmCHTHTS  (Ridiafdsan). 
KTTBOMBJnrA  (blAift  iMjIm). 

Melanichihys  TEiofmcK  and  Schleoel,  Fauna  Japonica,  1844,  p.  75,  pi.  39, 

(Nagasaki). 
7  Crenidens  leonina  Richabdson,  Ichth.  China  and  Japan,  1846,  p.  242,  (Can- 
ton); (m&yheGirellamezina). 
Oirella  leonina  Jordan  and  Stabks,  Proc.  U.  S.  Nat.  Mus.,  vol.  32, 1907,  p.  4% 

fig.  4  (Wakanoura). 
Cfrmidens  melanidUhya  Richardson,  Ichth.  China  and  Japan,  1846,  p.  243  (after 

Temminck  and  Schlegel). 
Oirella  Tnelanidithya  Bleeker,  Enum.  Poias.,  Yerh.  kon.  Akad.  Amst.,  vol.  18, 

1879,  p.  8  (=Melanichthy8  Schiegel^Melanic/Uhys  crenidens  Bleeker),  [Kiunu, 

Nagasaki]. 
Melanichthya  cremdena  Bleeker,  Nieuwe  Nalez.  Verh.  Bat.  Gen.,  vol.  26,  1857, 

p.  20  {ssCrenidens  melaniehUiya  Richardson)  (Japan,  China). 

Habitat. — Southern  Japan  and  China. 

Description  of  a  specimen  145  mm.  in  body  length  from  Wakanoura, 
Japan. 
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Head  3J  in  length  to  last  vertebra;  depth  2J;  eye  4^  in  head;  snout 
3;  maxillary  3 J;  interorbital  space  3;  depth  of  preorbital  5;  D.  XIV, 
14;  A.  Ill,  13;  scales  in  lateral  line  62,  in  transverse  series  13  +  22 
(including  3  smaller  rows  above  and  2  below  at  insertions  of  dorsal 
and  anal). 

Snout  rounded  but  moderately;  premaxillaries  protruding,  upper 
edges  on  level  with  nostrils;  cleft  of  mouth  strongly  oblique;  dis- 
tance from  end  of  maxillaries  to  vertical  margin  of  preopercle  greater 
than  distance  from  eye  to  horizontal  margin.  Flaps  of  nostrils  larj'e, 
tufted.  Profile  of  snout  slightly  concave,  prefrontals  prominent. 
Teeth  in  jaws  in  outer  two  rows  tricuspid,  outer  largest,  an  inner 
broad  band  of  much  smaller  teeth  present.  Teeth  tipped  with  a 
transparent  brown.     Gill-rakers  20  on  lower  limb  of  first  arch. 

Dorsal  spines  short,  last  longest,  2  J  in  head;  dorsal  rays  2J  in  head, 
margin  of  fin  not  rounded  posteriorly.    Third  anal  spine  longest  3 


Fig.  14.— Gibella  melakichthts. 

in  head;  soft  anal  margin  similar  to  soft  dorsal.  Caudal  deeply 
emarginate,  lobes  acute.  Ventrals  IJ  in  head,  their  spines  2i. 
Pectorals  IJ  in  head. 

Scales  ctenoid  wherever  present.  Soft  dorsal  and  anal  scaled  on 
basal  halves,  and  rows  extending  out  along  dorsal  spines  but  appar- 
ently not  on  anal  spines.  Scales  on  head  extending  to  between  nos- 
trils, buried  in  skin  on  upper  surface.  Lower  half  of  opercle,  sub — 
and  interopercle,  and  lower  limb  of  preopercle  naked.  Scales  on 
preorbital  deeply  buried  anteriorly.     Snout  and  lower  jaw  naked. 

Color  dark  greenish  in  alcohol,  much  more  so  above.  Opercular 
flap  deep  brown  or  black,  as  is  a  bar  across  base  of  pectorals.  Fins 
corresponding  in  color  to  their  respective  parts  of  body.  Peritoneum 
black.    Scale  rows  immarked  by  color  pattern. 

This  species  is  not  rare  in  souliiem  Japan.  Our  specimens  are  from 
Wakanoura.  It  is  readily  known  by  the  presence  of  14  dorsal  spines 
94428^— Proc.N.M.vol.41—U 38  _ 
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and  by  the  plain  black  color.  The  opercular  flap  is  black.  This 
may  be  the  Orenidena  leaninus  described  by  Richardson  from  Canton 
as  having  14  dorsal  spines,  but  his  scant  account  applies  equally  well 
to  OvreHa  mezina.  We  have  therefore  adopted  the  name  which  is 
not  open  to  question. 
(psMc,  black;  IzOACf  fiah.) 

19.  Genus  KYPHOSUS  Lae^p^de. 

Kyphoma  LxctptDE,  Hist.  Nat.  Poias.,  vol.  3,  1802,  p.  114  (bi^bu$==/itMeus). 

PimeleptaruB  LAciptoE,  Hist.  Nat.  Poias.,  vol.  4,  1803,  'p.  429  {ho9qux=sectatnx). 

Darmcariua  LacApAdb,  Hist.  Nat.  Poiss.,  vol.  5,  1803,  p.  482  (nigrescgns^Jiucui). 

XysUr  LacApAde,  Hist.  Nat.  Poiss.,  vol.  6, 1803,  p.  484  (Juseiu). 

Saleima  Bowdioh,  Excuraion  Madeira,  1825,  p.  238,  (aunUa). 

OpUthiitius  GiLLy  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  14, 1862,  p.  245  (tahmel). 

Body  elongate-ovate,  regularly  elliptical,  moderately  compressed, 
head  short,  with  blunt  snout;  eye  lai^;  mouth  small,  horizontal; 
maxillary  barely  reaching  front  of  eye;  each  jaw  with  a  single  series 
of  rather  narrow  obtusely  lanceolate  incisors,  implanted  with  com- 
pressed conspicuous  roots  posteriorly;  behind  these  a  narrow  hand 
of  villiform   teeth;  fine   teeth  on   vomer,   palatines,   and    tongue. 
Branchiostegals  7;  giU-rakers  long.     Preopercle  obsoletely  serrate; 
preorbital  narrow,  covering  but  little  of  the  maxillary.    Squamation 
very  complete,  the  space  between  and  about  the  eyes  being  the  only 
naked  part;  scales  smallish,  thick,  ctenoid,  50  to  70  in  the  lateral  line, 
which  is  continuous;  similar  scales  entirely  covering  the  soft  parts  of 
the  vertical  fins,  and  extending  up  on  the  paired  fins.     Dorsal  fin  low, 
with  about  11  spines,  which  are  depressible  in  a  groove  of  scales,  the 
fin  continuous,  but  the  last  spines  low,  so  that  a  depression  occurs 
between  the  two  parts  of  the  fin,  the  bases  of  the  spinous  and  soft  parts 
about  equal;  soft  dorsal  rather  low  or  elevated  in  front,  not  falcate, 
pointed  behind;  anal  similar  to  soft  dorsal,  with  three  spines;  caudal 
fin  moderately  forked;  pectoral  fins  small,  ventrals  well  behind  them. 
Intestinal  canal  long.    Pyloric  caeca  very  numerous.    Vertebra  9  or 
10  +  15  or  16»25.    This  genus  contains  some  10  species,  chiefly 
confined  to  the  Pacific  Ocean,  and  most  of  them  found  in  the  East 
Indies. 

(KD<f>oCy  a  hump,  referring  to  a  deformed   specimen  with  a  hump 

back.) 

Key  to  speeUi. 

a^,  Ktphosus;  soft  donal  not  elevated  in  front,  its  longest  rays  not  longer  than  long- 
est dorsal  spine;  dorsal  rays  X,  14;  anal  rays  JEII,  13.  Scales  in  lateral  line 
63 fem6t«,  33. 

a*.  OpiSTHiSTnTs;  soft  dorsal  elevated  in  front,  its  longest  rays  longer  than  longest 
dorsal  spine;  dorsal  rays  XI,  12,  anal  rays  III,  11.  Scales  in  lateral  line  about 
56 dneratcmtf  ^, 
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33.  KTPHOSUS  LXMBUS  (Cwltr  and  Valendaones). 

Pimelepterus  Umbos  Cuvibr  and  Valbnciennbs,  Hist.  Nat.  Poias.,  vol.  7,  1831, 
p.  269  (Vanicolo).— Blbekeb,  Nat.  Tijd.  Ned.  Ind.,  vol.  4, 1853,  p.  469  (Bata- 
via).— Blbbker,  Verb.  kon.  Akad.  Wet.,  vol.  17, 1877,  p.  14.— GIJnther,  Cat. 
Pish.  Brit.  Mufl.,  vol.  1, 1859,  p.  498  (Moluccas).— Blbbker,  Atlas  Ichth.,  vol. 
9,  1877,  p.  15,  pi.  364  (Batu,  Pinang,  Singapore,  Java,  Celebes,  Temate,  Bat- 
jan,  Amboyna). 

Pimelepterus  tematensis  Blbbker,  Nat.  Tijd.  Ned.  Ind.,  vol.  4,  1853,  p.  605 
(Temate).— GOnthbr,  Cat.  Fiah.  Brit.  Mus.,  vol.  1,  1859,  p.  499. 

Habitat. — Coasts  of  southern  Japan  and  East  Indian  Seas. 

Description  of  one  specimen  360  mm.  in  total  length,  from  Waka- 
noura. 

Head  38  in  body  length;  depth  2i;  eye  4^  in  head;  interorbital 
space  2i;  snout  3;  maxillary  3;  scales  in  lateral  line  53,  above  69, 
below  61;  in  transverse  series  to  insertions  of  dorsal  and  anal  11/19; 
D.  X,  14;  A.  Ill,  13;  gill-rakers  24  on  lower  limb  of  first  arch. 

Body  arched  evenly  above  and  below,  greatest  depth  at  center  of 
body  which  is  2?  in  total  length  to  tip  of  middle  caudal  rays.  Head 
conical,  somewhat  convex  in  profile.  Prefrontals  prominent,  inter- 
orbital space  strongly  arched.  Nostrils  overhung  by  prefrontals, 
posterior  opening  nearly  horizontal.  Preorbital  edge  entire;  opercle 
with  one  obscure  point;  preopercle  with  minute  serrations  (nearly 
lost  with  age).  Teeth  in  a  single  prominent  row,  13  Or  14  on  each 
side  in  both  jaws,  besides  supplementary  teeth  under  loose  lips; 
horizontal  parts  of  teeth  somewhat  longer  than  vertical,  measuring 
on  inner  angles.  A  narrow  band  of  villiform  teeth  beUnd  these  in 
both  jaws;  broad  patches  on  vomer,  and  tongue;  narrow  bands  on 
palatines. 

Dorsal  fins  slightly  notched,  longest  spines  the  fourth  and  fifth, 
which  are  contained  2§  in  head;  dorsal  rays  not  longer  than  spines, 
of  nearly  even  length  throughout;  base  of  soft  dorsal  slightly  longer 
than  head,  and  longer  than  base  of  spinous  dorsal.  Anal  spines 
weak,  third  longest,  slightly  shorter  than  eye  diameter;  first  rays 
li  to  1§  times  length  of  last,  but  with  straight  fin  margin;  anal 
base  equal  to  length  of  head.  Pectorals  and  ventrals  short  (tips 
worn  off).    Caudal  forked,  lobes  acute. 

Scales  ctenoid,  thickly  covering  vertical  fins,  outer  side  of  pectoral 
and  along  ventral  rays.  Snout  and  jaws  naked;  maxillary  scaled; 
preorbitals  naked,  save  for  occasional  buried  scale.  Rows  between 
center  of  dorsal  fin  and  ventrals  11/18. 

Color  in  alcohol  uniform,  darker  above,  fins  similar  in  color.  Mar- 
gins of  scales  dark,  forming  indefinite  lines  between  rows  by  super- 
position.    Peritoneum  black. 

This  species  must  be  rare  in  Japan.  We  obtained  one  specimen 
from  Wakanoura,  the  only  record  from  this  region. 

(iififioc,  a  long  swift  boat.) 
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34.  KTPHOSUS   CINBRASCBirS  (FocAftl). 

Scisena  cinerasctns  (tahmel)  ForskIl,  Deacrip.  Anim.,  1775,  p.  53,  No.  66,  (Red 

Ssa.) 
Pimelepteru8  cinmucens  Day,  Fishes  India,  1875,  p/  143,  pi.  35,  fig.  3  (Seas  of 

India).— Bleeker,  Atlas  Ichth.,  vol.  8, 1875,  p.  15,  pi.  364  (Sumatra,  Bangka, 

Gocos,  Java,    Bali,  Solor,    Flores,  Celebes,    Timos,  Obi-major,  Amboyna, 

Saparua,  Philippines,  New  Guinea);  Enum.  Poiss.  Verb.  kon.  Akad.  Amst, 

vol.  18,  1879,  p.  8  (Japan). 
Kyphosus  cinerascens  Jordan  and  Richardson,  Bull.  U.  S.  Bur.  Fish.,  voL  27, 

1908,  p.  260  (Calayan).— Jordan  and  Rjchardson,  Philippine  Islands, 

Bur.  of  Sci.  Publ.  No.  1,  Manila,  1910,  p.  31. 
Pimelepterus  tahmel  RGppell,  N.  W.  Fische,  1829,  p.  35,  pi.  10,  fig.  4  (Djidds, 

Red  Sea).— GtJNTHER,  Cat.  Fish.  Brit.  Mus.,  vol.  1, 1859,  p.  499.— Klunzin- 

OBR,  Syn.  Fische  Roth.  Meer.,  Verb.  z.  b.  Ges.  Wien,  vol.  20,  1870,  p.  7^ 

(part),  (Red  Sea). 
Opi%thistius  tahmel  Gill,  Proc.  Acad.  Nat.  Sci.,  Phila.,  vol.  14,  1862,  p.  242. 
Pimelepterus  indicus  (Euhl  and  Van  Hasselt)  Cuvier  and  Valenciennes,  Hist 

Nat.  Poss.,  vol.  7,  1831,  p.  270  (Java).— Temminck  and  Schlegel,  Fauna 

Japonica,  1844,  p.  86  (Nagasaki). — Steindachner  and  DdDERLEiN,  Beitr. 

Fische  Japan's^  II,  Denkschr.  kais.  Akad.  Wiss.  Wien,  1883,  p.  21  (Tokyo). 
Kyphosus  indicus  Jordan  and  Snyder,  Check  List,  Ann.  Zool.  Jap.,  vol.  3, 

pts.  2  and  3,  1901,  p.  80  (Yokohama). 

HaMtdt. — East  Indies,  north  to  Japan. 

This  species  was  not  seen  by  us.  The  following  account  is  trans- 
lated from  that  given  by  Steindachner  of  a  specimen  from  Tokyo, 
67  centimeters  in  length,  in  the  Vienna  Museum: 

The  greatest  body  depth  is  between  2|  and  2^,  the  head  length  somewhat  less  than 
4  times  in  the  body  length.  The  broad  interorbital  space  is  transversely  strongly 
arched.  The  angle  of  the  mouth  lies  vertically  under  the  anterior  edge  of  the  eye. 
The  scalelesB  low  snout  ascends  much  more  sharply  than  the  upper  part  of  the  domd 
profile  of  the  head  rises  to  the  occiput.  Both  margins  of  the  preopercle  are  toothed 
(serrated). 

The  sixth  to  eighth  dorsal  spines  are  equal  in  height  and  are  the  highest  of  the  fin; 
each  is  at  least  half  the  head  length,  while  the  greatest  height  of  the  soft  dorsal  ia 
equal  to  only  two-thirds  of  the  head  length.  The  lateral  line  irregularly  skips  severd 
scales  and  has  55-56  scales  from  the  shoulder  to  the  beginning  of  the  caudal,  while 
there  are  70  to  73  scales  between  the  head  and  caudal. 

D.  XI,  12.    A.  Ill,  11.    L.  tr.  12A/22. 

Stomach  moderately  large,  intestine  much  convoluted,  both  filled  with  fragments 
of  algee.    Air  bladder  large,  pancreas  rather  small. 

Iron  gray,  darker  above,  passing  into  white  below.  Ventrals  blackish.  On  the 
lower  end  of  the  pectoral  base  a  brownish  black  spot.  Scaleless  preorbital  is  shiny 
silvery-gray. 

A  specimen  of  this  genus,  with  deep  body,  probably  belonging  to 
this  species,  was  seen  alive  by  us  in  the  aquarium  at  Asakusa  Park, 
near  Tokyo. 

The  above  synonymy,  after  Bleeker,  is  more  or  less  open  to  ques- 
tion. This  fish  is,  however,  probably  the  original  cinerascens  of 
Forsk&I,  which  has  the  dorsal  XI,  12  and  the  soft  dorsal  elevated. 
The  latter  character  probably  varies  with  age.  Day's  figure  repre- 
sents it  but  very  slightly  higher  than  the  spines,    Steindachner's 
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specimen,  as  stated  above,  possessed  higher  spines  by  a  half  than  is 
given  by  any  descriptions  and  figures  or  is  shown  by  our  small 
specimen  from  Calayan  (3  in  head).  The  same  is  true  of  the  soft 
dorsal. 

(dnemscens,  becoming  ashen.) 

8.  FamUy  ERYTHRICHTHYIDiE. 

Sparoid  fishes  with  the  body  spindle-shaped  and  the  mouth  tooth- 
less or  with  small  deciduous  teeth.  Body  elongate,  not  much  com- 
pressed, covered  with  moderate,  ciliated  scales;  head  scaly,  except 
the  tip  of  snout;  premaxillaries  excessively  protractile,  the  spines 
extending  to  the  occiput;  maxillary  rather  broad,  slipping  under  the 
preorbital;  lower  jaw  projecting;  no  teeth  on  palate;  lower  pharyn- 
geals with  cardiform  teeth;  preopercle  entire  or  with  flat  thin  serrae; 
opercle  ending  in  a  flat  point.  Dorsal  fins  separate  with  free  spines 
between,  the  first  with  slender  spines,  the  number  about  15;  soft 
dorsal  moderate,  low,  naked,  with  a  sheath  of  scales  at  base,  both  dor- 
sal and  anal  with  the  last  ray  produced;  anal  with  three  small  spines 
and  about  nine  rays.  Caudal  widely  forked.  Pyloris  cseca  few. 
This  family,  provisionally  adopted,  contains  but  few  species,  aU 
of  them  fishes  of  rather  deep  water,  of  bright  colors  and  active 
movements,  their  relationships  uncertain.  They  have  much  in  com- 
mon with  Afhareus  among  the  Lutianidse.  They  have  also  qualities 
in  common  with  the  Gerridse.  Jordan  and  Evermann  associated 
them  with  the  European  genera  Merolepis  Rafinesque  (==M8ena 
Cuvier),  and  Spicara,  to  form  a  family  Msenidse.  This  name  MsenidaB 
is  not  eligible,  and  EryihricJUhys  has  little  in  common  with  Merolepis 
save  the  protractile  mouth.  Besides  Erythrichthys,  the  genera 
Dipteryganotus  and  Inermia  in  this  family  are  probably  vaUd. 

20.  Genus  ERYTHRICHTHYS  Temminck  and  Schlegel. 

Eryihrichihys  Temminck  and  Schleoel,  Fauna  Japonica,  p.  117,  1845  {khlegeli). 
^Emmelichihys  Richardson,  Voyage  ErebtLS  and  Terror ,  1846,  p.  47  (niiidus). 
Woxaodon  Guichenot  in  Gay,  Histoire  de  Chile,  vol.  2, 1847,  p.  208  {cyaneioena). 

Type, — ErytTirichthys  schlegeli  (Bleeker). 

This  genus  has  the  maxillary  very  broad  and  scaly,  and  the  pre- 
opercular  angle  nearly  a  right  angle.  Whether  the  same  is  true  of  the 
other  (nominal)  genera  of  this  group  we  do  not  know.  The  allied 
genus  Dipterygonotua  Bleeker  is  said  to  have  the  maxillary  naked. 

In  Inermia  the  maxillary  is  narrow. 

(kpudpbc,  r«d;  ixOdf,  fish.) 
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35.  BRTTHRICHTHTS  SCHLBOSU  (Btoeker). 

Erytkrichthys  Tbmminck  and  Schlegel,  Fauna  Japonica,  1845,  p.  117,  pi.  63, 

fig.  1  (Nagasaki). 
EmmelichUiya  schlegeli  Blbeker,  Nieuwe  Nalez.  Verb.  Bat.  Gen.,  vol.  26, 1857, 
.      p.  20  (after  Tenuninck  and  Schlegel);  Enum.  Pcnss.,  Verb.  kon.  Akad.  Amst, 

vol.  18, 1879,  p.  8.— JoBDAN  and  Snyder,  Check  list,  Ann.  Zool.  Jap.,  vol.  3, 

pts.  2  and  3,  p.  82,  1901  (Yokohama). 
Erythrichthys  sddegeli  GCnther,  Oat.  Fish.  Brit.  Mus.,  vol.  1,  1869,  p.  395  (after 

Tenuninck  and  Schlegel). 

HaMUU. — Coasts  of  southern  Japan. 

Description  of  two  specimens,  410  and  400  mm.  in  total  length, 
from  Tokyo  and  one  from  Misaki,  155  mm.  Measurements  of  head, 
including  lower  jaw. 

Head  3§  to  3J  in  body  length;  depth  4;  eye  3§  in  head;  maxillary 
2§;  snout  3};  interorbital  space  3§;  D.  XI,  11;  A.  Ill,  10;  scaleB 


Fig.  15.— Bbtthbichthys  schlboell 

in  lateral  line  65  to  72;  in  transverse  series  between  dorsal  and  anal 
insertions  10/17;  gill-rakers  25  on  lower  limb  of  first  arch;  branchioe- 
tegals  7. 

Body  outlines  evenly  symmetrical;  caudal  pedimcle  slender,  its 
depth  4§  in  head  (to  tip  of  lower  jaw),  and  with  a  distinct  ridge  on 
each  side  along  lateral  line ;  breadth  of  body  contained  about  twice  in  its 
depth.  Axis  of  head  coinciding  with  that  of  body;  lower  jaw  project- 
ing, its  tip  conical,  produced;  maxillary  breadth  two-thirds  of  that  of 
eye,  ending  under  anterior  margin  of  pupil;  upper  lip  broad,  it8 
breadth  4J  in  eye.  Nostrils  situated  nearer  center  of  eye  than  tip 
of  snout;  close  together,  separated  by  less  than  breadth  of  anterior 
one.  Eye  without  prominent  adipose  lids.  Preopercidar  margin 
flexible,  slightly  crenate,  vertical  limb  not  deeply  concave,  but 
straight,  its  angle  less  than  45*^.  Opercular  points  two,  separated 
by  half  diameter  of  eye;  above  upper  a  smaller  more  obscure  one. 
Teeth  in  jaws  minute,  present  anteriorly  only,  all  pointing  back- 
ward.    Palatines  with  a  small  band  or  patch. 
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Dorsals  not  separated  (appearing  thus  only  when  mterradial 
membrane  is  broken).  Dorsal  spines  slender,  flexible,  third  longest 
1}  in  head,  penultimate  shorter  than  last.  Longest  ray  is  first,  2| 
in  head.  Soft  dorsal  base  7}  in  body  length.  Second  anal  spine 
slightly  more  than  half  length  of  third,  which  is  43  in  head.  Soft 
anal  similar  to  soft  dorsal;  its  longest  ray  3  in  head;  its  base  7§  in 
body  length.  Pectorals  contained  IJ  in  head;  ventrals  2,  latter 
reaching  less  than  half  way  to  anal  insertion.    Caudal  deeply  forked. 

Scales  roughly  ctenoid,  present  on  whole  of  head  (including 
preopercle)  save  lips,  and  on  bases  of  soft  dorsal  and  anal  as  a  heavy 
sheath. 

Colors  imiformly  light  brown  in  alcohol,  more  silvery  and  lighter 
below.    Fins  uniform.    Peritoneum  silvery. 

Of  this  species  we  have  seen  the  three  specimens  mentioned  above. 
It  is  certainly  rare  in  Japan. 

(Named  from  Prof.  H.  Schlegel,  of  Leyden.) 

NOTE  ON  ERYTHRICHTHYS  SOINTILLANS  JORDAN  AND  THOMPSON,  A 
NEW  SPECIES  FROM  HAWAII. 

The  Hawaiian  species  described  and  figured  by  Jordan  and  Ever- 
mann  as  Eryihriehthys  scJUegdi^  seems  to  be  a  distinct  species  for 
which  we  suggest  the  name  of  ErytJirickthys  scirUiUans. 

The  most  striking  difference  is  the  longer  anal  base  in  E.  sciTUillans 
which  is  contained  6}  in  the  body  length,  and  is  to  that  of  our  Jap- 
anese specimens  of  E.  sMegdi  as  0.16  is  to  0.12^,  using  measure- 
ments in  hundredths  of  body  length.  Other  differences  are,  a 
longer  soft  dorsal  base,  Sf  in  body  length;  larger  eye,  3 J  in  head; 
greater  body  depth,  3i  in  length;  greater  depth  of  caudal  peduncle, 
which  in  Japanese  specimens  is  only  two-thirds  of  that  in  E.  Bcwn 
tUlans;  longer  second  anal  spine,  five-sixths  of  length  of  third; 
ventrals  extending  over  half  way  to  anal  insertion;  the  small  upper 
point  on  the  opercle  is  lacking;  the  opercular  points  are  nearer 
together,  the  distance  between  them  only  one-quarter  of  the  eye 
diameter;  the  vertical  preopercular  margin  is  deeply  emarginate, 
and  the  nostrils  are  midway  between  the  center  of  the  eye  and  the 
tip  of  the  premaxillaries,  hence  farther  before  the  eye  than  in  those 
from  Japan  despite  its  own  larger  eye. 

We  may  adopt  as  our  type  of  E,  sciniUlans  the  specimen  described 
and  figured  by  Jordan  and  Evermann.  The  characters  noted  are  all 
verified  on  the  example  before  us,  collected  by  Doctor  Jordan  at 
Hilo,  Hawaii. 

I  Ban.  U.  S.  Fish  Comm.,  vol.  23,  pt.  1, 1903,  p.  246,  pi.  10. 
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SUMMARY  (WITH  LOCALITIES  FROM  WHICH  JAPANESE   SPECIMENS 

WERE  TAKEN). 

1.  Family  Kubxjwjb, 

1.  Boulengerina  Fowler,  1906. 

1.  tsenmra  (Cuvier  and  YalencienBee),  1829;  Tanegaflhima,  Miaakl. 

2.  XtJiZta  Gill,  1861. 

2.  marginata  (Cuvier  and  ValencienneB),  1829;  Izu. 

2.  Family  Pbiaoanthid A. 

3.  Priacanthus  (Cuvier),  1817. 

3.  hommir  (Forskfil),  1775. 

4.  macracanthits  Cuvier  and  Valenciennes,  1829;  Tokyo,  Naga«Jd. 

5.  japonicui  Cuvier  and  Valenciennes,  1829;  Tokyo,  Misaki,  Bingo. 

4.  Pseuidopriacanthus  Bleeker,  1869. 

6.  nip?ionnL8  (Cuvier  and  Valenciennes),  1829. 

3.  Family  Thebaponida. 
5.  Therapon  Cuvier,  1817. 

§  Therapon, 

7.  senms  (Bloch),  1797;  Eagoshima. 

§  Pelatea  Cuvier,  1829. 

8.  oxyrhynchui  Temminck  and  Schlegel,  1842;  Nagasaki,  Tokyo,  Kochi,  Shimiju, 
Suruga,  Wakanoura,  Kagoshima,  Akune,  Nagaoka. 

4.  Family  Banjosida. 
6.  Banjoa  Bleeker,  1879. 

9.  hanjoa  (Richardson),  1846;  Tokyo,  Osaka,  Fusan. 

5.  Family  RfiMULiDJE. 

7.  ParaprisiipoTna  Bleeker,  1872. 

10.  Mmeahim  (Thunbeig),  1793;  Tokyo,  Misaki,  Enoshima,  Wakanoura,  Nagasaki. 

8.  Plectorhynckus  Lac6p^de,  1801. 

§  Diagrcmma  Cuvier,  1817. 

11.  pictiu  (Thunbeig),  1792;  Onomichi,  Nagasaki. 

§  Pleciorhynchus, 

12.  ductus  (Temminck  and  Schlegel),  1842;  Yokohama,  Misaki,  Wakanoura. 

9.  Hapalogenys  Richardson,  1844. 

13.  niffripinnis  (Temminck  and  Schlegel),  1843;  Wakanoura,  Tsuruga. 

14.  muaronattLS  (Eydoux  and  Souleyet),  1841;  Kobe,  Onomichi,  Hiroeihima. 

15.  kighinouyei  Smith  and  Pope,  1907;  Urado. 

10.  Scolopsis  Cuvier,  1817. 

16.  inermis  (Temminck  and  Schlegel),  1843;  Nagasaki. 
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6.  Family  SpAREDis. 

11.  Letkrinus  Cuvier,  1829. 

§  Lethrinichthys  Jordan  and  Thompeon,  1911. 

17.  nemataoarUhus  Bleeker,  1864;  Tokyo,  Wakanoura. 

18.  hsematoptena  Temminck  and  Schl^;el,  1844;  Nagasaki. 

§  LetkriniLS, 

19.  cfugrorkyruhus  (Bloch  and  Schneider),  1801;  Urado. 

12.  Euthyopteroma  Fowler,  1904. 

20.  virgatum  (Houttuyn),  1782;  Tokyo,  Nagasaki. 

21.  bathyhium  (Snyder),  1911;  Kagoahima.     . 

13.  GymTiocranitu  Klunzinger,  1870. 

22.  griseiLS  (Temminck  and  Schlegel),  1843;  Misaki,  Wakanoura,  Nagasaki. 

14.  Tcdtis  Jordan  and  Thompson,  1911. 

23.  tumifrom  (Temminck  and  Schlegel),  1843;  Tsushima. 

15.  Evynnis  Jordan  and  Thompson,  1911.  . 

24.  cardinalis  (Lac^pMe),  1803;  Matsushima,  Tokyo,  Misaki. 

16.  Pagro9omu8  Gill,  1893. 

25.  major  (Temminck  and  Schlegel),  1842;  Misaki,  Tokyo,  Wakanoura,  Aomori, 
Nagasaki;  Port  Arthur.. 

26.  avratua  (Forster)  Bloch  and  Schneider,  1801  (probably  not  Japanese). 

17.  Sparus  Linnseus,  1758. 

27.  aries  (Temminck  and  Schlegel),  1843;  Tokyo,  Wakanoura,  Nagasaki. 

28.  lattu  Houttuyn,  1782;  Kobe,  Wakanoura. 

29.  svnnhonis  Gimther,  1874;  Tokyo,  Wakanoura,  Kobe. 

7.  Family  Kypho8id-«. 
18.  Girella  Gray,  1836. 

30.  punctata  Gray,  1835;  Misaki,  Wakanoura,  Tokyo,  Yokohama,  Tsuruga,  Akune, 
Satsuma,  Nagasaki. 

31.  mezina  Jordan  and  Starks,  1907;  Misaki. 

32.  melanichthys  (Richardson),  1846;  Wakanoura. 

19.  KyphostLS  Lac^p^de,  1802. 
§  Kyphosus. 

33.  lernbus  (Cuvier  and  Valenciennes),  1831;  Wakanoura. 

§  Opisthistius  Gill,  1862. 

34.  dnerascens  (Forsk&l),  1775;  Tokyo. 

8.   Family  EBTTHRICHTHYIDiE. 

20.  Erythrichtkys  Temminck  and  Schlegel,  1845. 

35.  8chlegeli  (Bleeker),  1857;  Tokyo,  Misaki. 
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THE  CRUSTACEA  OF  THE  ORDER  CUMACEA  IN  THE  COL- 
LECTION  OF  THE  UNITED  STATES  NATIONAL  MUSEUM. 


By  William  T.  Calman, 

Of  the  British  Museum  {Natural  History) y  LondoUy  EngUmd. 


INTRODUCTION. 

Some  seven  years  ago  Dr.  Richard  Rathbun  was  good  enough  to 
entrust  to  me  for  examination  the  entire  collection  of  unidentified 
Cumacea  belonging  to  the  United  States  National  Museum.  The 
working  out  of  the  collection  was  unavoidably  delayed,  and  mean- 
while additional  consignments  were  sent  to  me  as  they  were  received 
at  the  National  Museum,  until  a  total  of  292  bottles  and  tubes  was 
reached — one  of  the  largest  collections  of  Cumacea,  if  not  the  very 
largest,  that  has  ever  been  in  the  hands  of  a  single  investigator. 
Even  now  the  interest  of  the  material  is  far  from  being  exhausted, 
for,  to  my  regret,  lack  of  time  has  prevented  me  from  utilizing  fully 
the  opportunities  it  offers  for  studying  the  variations  of  several  of 
the  commoner  species. 

The  examination  of  this  collection  has  been  carried  out  in  the  zoo- 
logical department  of  the  British  Museum,  and  the  results  are  pub- 
lished here  by  permission  of  the  trustees  of  that  institution.  The 
authorities  of  the  United  States  National  Museum  have  courteously 
aHowed  a  selection  of  duplicate  specimens,  including  paratypes  of 
many  of  the  new  species,  to  be  retained  for  the  British  Museum. 

The  bulk  of  the  material  consists  of  specimens  dredged  by  the 
Aliaiross  and  other  vessels  of  the  United  States  Bureau  of  Fisheries 
off  the  New  England  coast  and  in  Alaskan  waters,  together  with  the 
rich  Alaskan  collections  of  Dr.  W.  H.  Dall.  The  remainder  includes 
specimens  from  other  localities  on  the  coasts  of  North  and  South 
America  and  a  few  from  Greenland  and  Japan. 

In  all,  49  species  have  been  recognized,  including  17  that  appear  to 
be  new  to  science,  and  one  new  genus  has  been  established.  A 
small  number  of  specimens  have  been  set  aside  which  may  possibly 
represent  new  species  but  do  not  afford  adequate  material  for  proper 
description. 

The  figures  accompanying  this  paper  have  been  drawn  by  Miss  Grer- 
trude  M.  Woodward. 

Proceedinqs  U.  8.  National  Museum,  Vol.  41 -No.  1876. 
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LIST  OF  SPECIES  IN  THE  UNITED  STATES  NATIONAL  MUSEUM. 

Miss  M.  J.  Rathbun  has  kindly  prepared  for  me  a  list  of  the  named 
Cumacea  in  the  Museum  collection.  Most  of  these  I  have  not  seen,  bat 
I  have  no  reason  to  doubt  the  correctness  of  the  identifications,  and 
I  have  therefore  included  them  (with  some  minor,  changes  in  nomen- 
clature) in  the  following  list,  distinguishing  them  by  enclosing  the 
names  of  the  species  or  localities  within  square  brackets. 

The  regions  from  which  the  specimens  in  the  collection  have  been 
obtained  are  indicated  by  the  letters  standing  after  the  name.  More 
precise  details  regarding  the  distribution  of  the  species  examined  by  me 
wiQ  be  found  in  a  later  part  of  this  paper. 

A.  Coasts  of  northern  Europe. 
,  B.  West  Greenland  and  Labrador. 

C.  Atlantic  coast  of  North  America  south  of  Labrador. 

D.  Gulf  of  Mexico. 

E.  Atlantic  coast  of  South  America. 

F.  Pacific  coast  of  South  America. 

G.  Pacific  coast  of  North  America  south  of  Puget  Souhd. 

H.  Alaskan  area,  including  Aleutian  Islands,  and  the  Pacific 

coast  of  North  America  north  of  Puget  Sound. 
I.  Sea  of  Okhotsk. 
J.  Japan. 

BODOTRIIDA. 

[Bodotria  scorpioides  (Montagu).    A.] 

Bodotria  sp.    J. 

Cyclaspia  longicaudata  G.  O.  Sara.    0. 

Cyclaspis  lariarw,  new  species.    C. 

[Iphinoi  trispinosa  (Goodsir).    A.] 

[  VaurUompsonia  cristata  Sp .  Bate .    A . ] 

Heterocuma  sard  var.  granulata  Miers.    J. 

Heterocuma  diomedesjty  new  species.    J. 

Bathycuma  (?)  longicaudatay  new  species.    G. 

Leptociima  kinbergii  G.  O.  Sara.    E. 

Leptocuma  minor ^  new  species.    C. 

LEUCONIDiE. 

Leucon  ruuica  (Kr0yer).    [A],  0. 
Leucon  naticoides  Lilljeboig.    C. 
Leucon  longiroatris  G.  O.  Sara.    C. 
Eitdorella  emarginata  (Kr0yer).    [A],  B,  C. 
Eudorella  trunaUula  (Sp.  Bate).    (\ 
Evdorella  hispida  G.  0.  Sara.    C. 
Eudorella  monodon,  new  species.    D. 
Evdorellopna  deformis  (Kr0yer).    C. 
EvdorellopsU  Integra  (S.  I.  Smith).     B,  C,  H. 
Eudorellop»is  biplicaUij  new  species.    G. 

NANNASTACIDiB. 

[Cumella  pygmxa  G.  O.  Sara.    A.] 
Cumella  cannata  (Hansen).    G. 
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NANNASTACiDiB — Continued. 

Cumella  sp.    H. 

[NannastacuB  unffuiculattu  Sp.  Bate.    A.] 

[Procampylaspis  armata  Bonnier.    A.] 

Campylaspis  rubicunda  (Lilljeboig).    C. 

[Campylaspis  verrucosa  6.  O.  Sans.    A.] 

CampyUupis  horrida  G.  O.  Sare.    C,  J.  (?) 

Campylaspis  affinis  G.  0.  Sara  (?).    C. 

ICampylaspis  sulcata  G.  O.  Sara.    A.] 

Campylaspis  vitrea  Caiman  (?).    C. 
Lamphopid^. 

Lampropsfuscata  G.  O.  Sare.    H. 

Lamprops  quadriplioaJta  S.  I.  Smith.    C. 

Lamprops  (?)  beringiy  new  tjpeciee.    H. 

IHemilamprops  cristata  (G.  O.  San).    A.] 

[HemHamprops  uniplicala  (G.  O.  Sare).    A.] 

Paralamprops  orbicularis  (Caiman).    C. 

DiASTTLIDiE. 

Diastylis  scorpioides  (Lepechin).    B,  C. 

Diastylis  dalli,  new  species.    H,  I. 

Diastylis  hidentatay  new  species.    H. 

Diastylis  alaskensiSf  new  species.    H. 

Diastylis  plantfrons,  new  species.    £. 

Diastylis  micella^  new  species.    H. 

Diastylis  aspera,  new  species.    H,  I. 

Diastylis  argentatay  new  species.    F. 

Diastylis  rathHi  (Kr^yer).    [A],  B,  C,  H. 

Diastylis  sulcata,  new  species.    H. 

Diastylis  poliia  S.  I.  Smith.    C. 

Diastylis  sculpta  G.  0.  Sare.    C. 

[Diastylis  rugosa  G.  O.  Sare.    A.] 

Diastylis  guadrispinosa  G.  O.  Sare.    C. 

[Diastylis  comuta  (Boeck) .    A .] 

[Diastylis  abbreviata  G.  O.  Sare.    C] 

Diastylis  stygia  G.  O.  Sare.    C. 

Diastylis  Vucifera  (Kj^yer).    [A],  C. 

Diastylis  goodsxri  (Bell).    [A],  C. 

[Diastylis  spinulosa  Heller .    A . ] 

[Diastylis  josephinss  G.  0.  Sare.    A.] 

[Diastylis  rostrata  (Goodsir) .    A .  ] 

[Diastylis  tumida  (Lillj eboig) .    A . ] 

[Diastyloides  biplicata  (G.  0.  Sare).    A.] 

[DiastyUndes  serrata  (G.  O.  Sare).    A.] 

Diastyhpsis  dawsoni  S.I.  Smith.    G,  H. 

Diastylopsis  resima  (Kr^yer).    C. 

[Leptostylis  longimana  (G.  O.  Sare).    C] 

[Lsptostylis  ampullacea  (Lilljeborg) .    C .  ] 

[Leptostylis  macrura  G.  O.  Sare.    A.] 

Oxyurostylis  smithi,  new  genua  aud  species.    C,  D. 

Colurostylis  (?)  ocddentalis,  new  species.    G. 

PSEUDOCUMIDiR. 

[Pseudocuyna  longicomis  (Sp.  Bate).    A.] 
Petalosarsia  declivis  (G.  O.  Sare).    C. 
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REMARKS  ON  GEOGRAPHICAL  DISTRIBUTION. 

It  is  necessary  once  more  to  insist  on  the  fact  that  our  kno^dedge 
of  the  Cumacea,  except  in  one  or  two  narrow  areas,  .is  far  too  frag- 
mentary to  admit  of  any  profitable  discussion  of  the  subject  of 
geographical  distribution.  Even  the  rich  collections  from  the  New 
England  and  Alaskan  coasts  now  examined  present,  in  all  proba- 
bihty,  only  an  incomplete  and  one-sided  picture  of  the  Cumacean 
fauna  of  these  regions.  The  employment  of  other  methods  of  col- 
lecting, specially  adapted  for  obtaining  the  more  minute  organisms 
of  the  sea  bottom,  would  no  doubt  add  very  largely  to  the  lists  of 
species  and  materially  alter  the  aspect  of  the  fauna  as  compared 
with  that  of  better  known  regions.  Nevertheless,  while  no  impor- 
tance can  be  attached  to  the  negative  features  of  the  lists  here  given, 
there  are  one  or  two  positive  features  which  seem  to  be  of  sufficient 
interest  and  importance  to  merit  further  consideration.  These  are 
concerned  with  the  relations  between  (1)  the  North  Pacific  fauna 
and  those  of  the  Arctic  and  Atlantic  Oceans,  and  (2)  the  relations 
between  the  faunas  of  the  eastern  and  western  coasts  of  the  Atlantic. 
As  regards  the  first  point,  the  following  species*  are  recorded 
below  from  both  the  Pacific  and  Atlantic  coasts: 

Leucon  nasica. 

EvdoreUopsis  integra, 

Diastylis  raihJcii. 

Of  these,  D.  raihJcii  is  known  to  have  practically  a  circumpolar  range 
in  Arctic  seas,  the  only  considerable  gap  being  in  the  unexplored 
waters  of  the  Arctic-American  archipelago,  between  Wellington 
Channel  and  Point  Franklin,  Alaska.  Leucon  naaica  may  also  be 
found  to  have  a  circumpolar  distribution,  since  it  is  already  known 
from  west  Greenland  eastward  to  the  mouth  of  the  Yenisei.  The 
remaining  species,  EvdoreUopsis  integra,  is  especially  interesting  since 
it  is  known  only  from  Bering  Sea,  west  Greenland,  and  the  northern 
part  of  the  Atlantic  coast  of  America.  It  is  very  imdesirable  to  press 
too  far  the  evidence  from  a  single  case  of  this  kind,  more  espedaOy 
when  it  concerns  a  minute  bottom-hving  species,  whose  apparent 
absence  in  many  locaUties  may  be  due  to  imperfect  collecting,  but  it 
is  at  all  events  suggestive  that  a  sunilarly  limited  range  is  recorded 
for  several  species  of  decapod  Crustacea.  The  crab  Chioncecetes  opiUo 
and  the  shrimps  Nectocrangon  lar  and  Spirontocaris  groBnlandioa  may 
be  mentioned  as  examples.^    These  and  other  similar  instances  seem 

1  Ezdnding,  for  the  present,  CamptUupU  honida  and  Lamproptfuteata,  the  IdeatiiBcation  of  which  in  the 
Pacific  is  doubtful. 

>  Ortmann,  Bronn's  Thterreich,  Crustacea,  Abth.  2, 1900,  p.  1265.  See  also  Rathbun,  Harriman  Alaska 
Exped.,  vol.  10, 1904,  pp.  61, 137, and  174;  and  Hansen,  Danish  Ingolf-Ezped.,  vol. 3,  Crast.  MalaooBtnca,!, 
1908,  pp.  12,  50,  and  64. 
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to  point  to  the  existence  of  an  Arctic- American  (but  Tioi  circumpolar) 
fauna;  extending  into  the  boreal  regions  on  both  sides  of  the  Ameri- 
can continent.  I  learn  from  Dr.  W.  H.  Dall  that  there  is  some 
evidence  pointing  in  the  same  direction  to  be  obtained  from  the 
Mollusca,  among  which,  however,  there  are  some  species  common 
to  the  east  and  west  boreal  regions  that  are  not  known  from  the 
Arctic  seas. 

As  regards  the  relation  between  the  faunas  of  the  American  and 
European  coasts  of  the  Atlantic,  the  list  given  above  includes  a 
considerable  number  of  species  that  are  common  to  both.  The  great 
majority  of  these  are  species  that  range  into  the  Arctic  region  and 
have  a  continuous  distribution  in  the  colder  waters  of  the  north. 
A  few,  like  Cyclaspis  longicavdata  and  Paralamprops  orhicularia,  are 
deep-water  species,  for  which  we  may  suppose  a  similar  continuity 
in  the  deeper  levels.  There  remain  a  small  number  of  forms,  of  which 
EvdoreUa  truncatula  is  an  example,  whSch  are  neither  truly  Arctic  nor 
deep-water  species.  These  appear  to  exist  in  separate  colonies  on  the 
two  sides  of  the  Atlantic,  and,  as  in  the  similar  case^pf  the  European 
and  American  lobsters  (Homarus  gammarus  and  H.  americf^nus) ,  we 
should  expect  to  find  at  least  the  beginnings  of  specific  differentiation 
between  the  forms  inhabiting  the  two  areas.  In  the  case  of  E.  trurir^ 
catvla  I  have  discussed  the  relation  of  the  American  form  described 
by  Sars  as  E,  pasiUa  to  the  European  species,  and,  failing  to  find  any 
trustworthy  characters  on  which  to  separate  them,  I  havd  united 
them  under  one  specific  name.  It  is  by  no  means  unlikely,  however, 
that  some  future  student  may  be  more  successful  in  distinguishing 
the  two  forms,  which  will  then  appear  as  representative  species  on 
the  two  sides  of  the  Atlantic,  bearing  to  each  other  the  same  relation 
that  Lamprops  qtuxdriplicata  bears  to  L.  fasdatay  or  Diastylis  quad- 
rispinosa  to  D.  comtUa. 

In  all  these  cases,  however,  we  need  more  evidence  as  to  the  range 
of  variation  within  the  species,  and  there  is  abundant  work  still  to 
be  done  in  comparing  minutely  and  carefuUy  the  specimens  from 
various  localities. 

Another  element  in  the  Cumacean  fauna  of  the  Atlantic  coast  of 
North  America  is  represented  by  Leptocuma  minor  and  Oxynrostylis 
smithi.  These  appear  to  be  southern  types  which  reach  their  northern 
limit  on  the  New  England  coast.  0.  smithi  is  recorded  also  from  the 
Gulf  of  Mexico,  while  the  only  other  species  of  the  genus  Leptocuma 
occurs  on  the  east  coast  of  South  America. 

Finally,  there  are  a  few  species  peculiar,  so  far  as  is  yet  known,  to 
the  New  England  coast  and  adjacent  waters  and  not  obviously 
related  to  species  occurring  elsewhere.  To  this  group  belong  Dias- 
tylis  acvlpta  and  D.  pdita. 
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CLASSIFICATION. 

None  of  the  new  species  contained  in  this  collection  can  be  said  \o 
throw  much  new  light  on  the  problems  of  Cumacean  dassificatioiL 
In  Oxyurostylis  smithi  the  simply  pointed  apex  of  the  telson,  without 
apical  spineS;  calls  attention  once  more  to  the  impossibility  of  basing 
the  distinction  between  the  families  Diastylidas  and  LampropidflB  on 
the  presonce  in  the  former  of  a  pair,  and  in  the  latter  of  three  or  more, 
apical  spines.  The  species  described  as  Colurostylis  (?)  occidentaUs 
presents  several  remarkable  characters,  and,  whether  it  is  rightly 
assigned  to  the  genus  Colurostylis  or  not,  it  joins  with  the  type  of  that 
genus  in  breaking  down  the  barrier  between  the  Diastylidse  and 
Pseudocumidse.  The  discovery  that  the  male  of  Leptocuma  has  only 
three  pairs  of  pleopods  perhaps  points  the  way  toward  a  union  of 
the  BodotriidsB  (including  VauntompsoniidsB)  and  the  Leuconidie. 
It  is  of  course  possible,  as  I  have  elsewhere  pointed  out,^  to  base  on 
facts  such  as  these  an  argument  for  the  opposite  course  of  action,  and, 
instead  of  reducing  the  number  of  families,  to  increase  it  very  greatly. 
A  step  in  this  direction  has  recently  been  taken  by  Mr.  Stebbing'  in 
establishing  a  new  family  Dicidse.  In  the  paper  qxioted  above,  which 
had  passed  out  of  my  hands  before  I  saw  that  of  Mr.  Stebbing,  al- 
though it  was  not  actually  published  until  later,  I  have  described 
species  that  divide  among  them  some  of  the  chief  characters  used  to 
define  the  genus  Die  and  the  family  Dicid«.  Thus  Diastylis  Jisiu- 
laris  has  a  similar  form  of  telson,  and  the  species  of  Gynodiastylis  have 
no  pleopods  in  the  male  sex;  while  Doctor  Zimmer  had  previously 
figured,  in  Leptostylis  thUeniusi,^  a  form  of  third  maxilliped  which,  in 
the  great  expansion  of  the  ischial,  or  third,  segment,  resembles  thai 
of  Die  more  than  that  of  any  other  Cumacean.  Whether  or  not  the 
family  DicidsB  may  afterwards  find  a  place  in  the  classification,  its 
acceptance  at  present  would  require  to  be  balanced  by  the  creation  of 
a  considerable  number  of  additional  families  for  genera  now  included 
in  the  Diastylidse,  and  for  this,  it  seems  to  me,  the  time  is  not  yet  ripe. 
Every  extensive  collection  of  Cumacea  recently  examined  from  tropi- 
cal and  southern  seas  has  yielded  species  presenting  novel  and  unex- 
pected combinations  of  characters,  and  there  is  no  reason  to  believe 
that  the  supply  is  approaching  exhaustion.  For  the  present,  there- 
fore, it  seems  advisable  to  avoid,  as  far  as  possible,  establishing  new 
systematic  divisions. 

SYSTEMATIC  NOTES  AND  DESCRIPTIONS  OF  NEW  SPECIES. 

In  the  following  descriptions  "total  length"  is  to  be  understood  as 
including  the  telson  (when  distinct),  but  not  the  uropods.  The  "post* 
anal"  region  of  the  telson  is  measured  from  the  upper  posterior  mar- 


»  Trans.  Zool.  Boo.,  vol.  18, 1911,  p.  343. 

s  Ann.  South  Alrksan  Mus.,  vol.  6, 1010,  p.  415. 

s  ZooL  Jahrb.,  Abth.  Syst.,  vol.  17, 1002,  p.  a%  fig.  Q. 
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gin  of  the  anal  valves  to  the  apex  of  the  telson.  The  distance  from 
the  same  point  to  the  base  of  the  telson  may  be  conveniently,  if  not 
quite  accurately,  called  "pre-anal." 

The  bibliographical  data  under  each  species  include,  as  a  rule, 
references  to  (1)  the  first  description  of  the  species,  (2)  the  fullest  de- 
scription hitherto  published,  and  (3)  the  chief  records  of  its  occurrence 
in  American  waters.  No  attempt  is  made  to  give  the  full  synonymy 
for  each  species. 

Following  the  practice  of  the  United  States  National  Museum,  a 
single  individual  has  been  selected  and  labeled  as  the  "holotype"  of 
each  of  the  new  species  here  described.  It  will  be  readily  under- 
stood, however,  that  this  specimen  is  not  in  all  cases  that  from  which 
the  drawings  have  been  prepared  or  that  to  which  the  dimensions  re- 
corded in  the  description  apply.  The  drawings  often  combine  feat- 
ures taken  from  several  more  or  less  imperfect  specimens,  while  the 
descriptions  are  based  chiefly  on  specimens  selected  for  dissection 
and  partly  or  completely  destroyed  in  the  process. 

BODOTRIA.  ?  specteB. 

A  single  female  specimen  of  an  undescribed  species  of  this  genus  is 
in  the  collection  from  Japan,  but,  as  it  lacks  the  uropods  and  is  other- 
wise imperfect,  it  can  not  be  fully  described.  It  has  a  strongly  marked 
lateral  ridge  on  the  carapace  as  well  as  on  the  thoracic  somites,  differ- 
ing in  this  from  B,  pvlex  Zimmer,  the  only  species  hitherto  recorded 
from  Japan.  It  is  also  distinguished  from  all  the  known  species  of 
the  genus  by  having  the  carpus  of  the  first  legs  expanded  and  about 
one  and  one-half  times  as  broad  as  the  merus. 

Locality, — Albatross  station  3730,  off  Omai  Zaki  Light,  Honshu 
Island,  Japan;  surface  tow-net,  surface  temperature,  64®  F.;  U.S.N.M. 
43096;  1  female. 

CTCLASPIS  LONGICAUDATA  G.  O.  StfS. 

Cyclaspis  longicaudata  G.  0.  Sars,  Forh.  Vidensk.  Selak.  Christiania,  1864  (1865), 
p.  207;  Crust.  Norway,  vol.  3,  1899,  p.  16,  pis.  7  and  8. 

This  species  has  not  hitherto  been  recorded  from  the  western  side 
of  the  North  Atlantic,  although,  as  an  inhabitant  of  the  deeper 
waters,  its  occurrence  there  is  not  surprising.  It  may  not  be  without 
significance  that  at  all  the  stations  off  the  American  coast  the  depth 
exceeds  the  maximum  (1,450  fathoms)  hitherto  recorded  for  the 
species  off  the  European  coasts. 

Localities.— Albatross  station  2570;  lat.  39''  54 '00"  N.;  long.  67°  05' 
30"  W.;  1,813  fathoms;  bottom  temperature,  36.8°  F.;  U.S.N.M. 
44013;  1  female. 

Albaiross  stsition  2221;  lat.  39°  05' 30"  N.;  long.  70°  44' 30"  W.; 
1,525  fathoms;  bottom  temperature,  36.9°  F.;  U.S.N.M.  8505;'  13, 
male  and  female. 

94428^— Proc.N.M.  vol.41— 11 39 
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Albatross  station  2711;  lat.  38°  59'  00''  N.;  long.  70°  07'  00"  W.; 
1,544  fathoms;  U.S.N.M.  44014;  2  females. 

Albatross  station  2714;  lat.  38°  22'  00"  N.;  long.  70°  17'  30"  W.: 
1,825  fathoms;  U.S.N.M.  11998,44011, and  44012;  5,  male  and  female. 

CTCLASPIS  VARIAHS,  new  species. 

Ovigerous  female. — Total  length,  3.4  mm. 

Carapace  slightly  more  than  two-sevenths  of  total  length,  com- 
pressed, its  vertical  height  a  little  more  than  half  its  length.  The 
dorsal  edge  is  distinctly  keeled  and  the  anterior  part  just  behind 
the  ocular  lobe  is,  in  many  specimens,  cut  into  a  number  of  fine 


FlQ.  1.— CTCLASPIS  VAKIANS,  FEMALE,  FROM  THE  SIDE. 

teeth;  in  some  specimens,  however,  the  dorsal  edge  is  quite  smooth. 
The  pseudorostrum  is  of  moderate  length,  acute,  the  lateral  plates 
meeting  in  front  of  the  ocular  lobe  for  a  distance  equal  to  half  the 
length  of  the  lobe.     The  antennal  notch  is  rather  widely  open  and  the 

antennal  tooth  acute.  The  ocular 
lobe  is  slightly  prominent  on  the 
dorsal  surface  and  the  eye  is  pig- 
mented. The  surface  of  the  carapace 
is  quite  smooth. 

The  first  leg-bearing  somite  is  ex- 
posed both  dorsally  and  at  the  sides. 
The  dorsal  keel  is  not  very  marked  on 
any  of  the  thoracic  somites.  The 
abdomen  is  about  equal  in  length  to 
the  cephalothoracic  region.  The  first 
five  somites  have  lateral  articular 
processes. 

Antcnnules  of  moderate  length,  the 
last  segment  of  the  peduncle  longer 
than  the  preceding.  First  legs  short, 
extending  beyond  the  tip  of  the  pseudorostrum  by  about  one-fourth 
of  the  length  of  the  carapace.-  The  basis  is  not  shorter  than  the 
distal  segments  together,  without  a  tooth  or  plumose  setae  at  the 
distal  end.  The  dactylus  is  a  Uttle  shorter  than  either  the  propodus 
or  the  carpus. 


FlQ.  2-3.— CTCLASPIS    VARIA14S,    FEMALE.     2, 

FmsT  leg;  3,  last  somite  and  uropod. 
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The  peduncle  of  the  uropods  is  longer  by  one-half  than  the  last 
somite  and  its  inner  edge  is  serrated.  The  rami  are  subequal  and 
more  than  two-thirds  as  long  as  the  pedimcle.     The  endopod  has 


FlQ.  4.— CYCLASFIS  YAKIAliS,  MALE,  ISOM  THE  SIDE. 

the  inner  edge  serrated,  with  four  spines,  and  has  a  rather  slender 
apical  spine;  the  exopod  has  three  unequal  apical  spines. 

Advit  male. — Total  length,  4.3  mm. 

Differing  from  the  female  in  the  usual  characters.  The  dorsal 
edge  of  the  carapace  is  quite  smooth.  The  pseudorostrum  is  more 
truncated  than  in  the  female  and  the  antennal  angle  is 
rounded. 

The  peduncle  of  the  uropods  is  nearly  twice  as  long 
as  the  last  somite  and  its  inner  edge  is  clothed  with 
plumose  hairs.  The  endopod  is  less  than  two-thirds 
as  long  as  the  peduncle  and  a  little  shorter  than  the 
exopod ;  it  has  about  ten  spines  on  its  inner  edge.  The 
exopod  has  plumose  setee  on  its  inner  edge. 

The  integument  in  both  sexes  is  rather  thin  and 
slightly  calcified,  and  there  is  a  good  deal  of  irregularly 
distributed  pigment,  especially  in  the  female. 

Remarks. — The  occasional  presence  of  serrations  on 
the  dorsal  crest  gives  this  species  something  of  the 
aspect  of  an  Iphinoe,  from  which  genus,  however,  it  is 
at  once  distinguished  by  the  unsegmented  endopod 
of  the  uropods,  the  lateral  articular  processes  of  the 
abdominal  somites,  and  other  characters.  On  the  other 
hand  it  is  closely  related  to  some  of  the  members  of  the 
genus  CycUispis.  In  the  key  which  I  have  given  to  the 
species  of  that  genus*  it  would  find  its  place  next  to  C.  levis  Thomson. 
From  that  species  it  is  distinguished  by  its  much  smaller  size,  by  the 
fact  that  the  ocular  lobe  does  not  reach  to  the  tip  of  the  pseudo- 
rostrum,  by  the  presence  of  an  apical  spine  on  the  endopod  of  the 
uropods,  and  by  a  number  of  other  small  characters  mentioned  in  the 
description. 

1  Trans.  ZooL  800.,  vol.  18,  pt.  1, 1907,  p.  6. 


FlQ.  5.  — CYCLA5PI8 
VARIANS,  MALE, 
LAST  SOMITE  AND 
UBOPOD. 
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All  the  specimens  are  labeled  as  having  been  taken  at  the  surfuce, 
and  in  some  of  the  tubes  they  are  accompanied  by  copepods,  zoec, 
and  other  plankton  organisms. 

Localities. — Vineyard  Sound,  surface;  U.  S.  F-  C,  1875;  US-NJL 
34890-34894;  20,  male  and  female. 

Vineyard  Sound,  surface;  U.  S.  F.  C,  1881;  U.S.N.M.  34301,34309, 
34315,  34316,  44015;  many,  male  and  female. 

Woods  Hole,  surface;  U.  S.  F.  C,  1882  and  1886;  U.S.NJJ. 
35249, 44016, 44017;  14,  male  and  female,  including  holotype  (44016). 

HETEROCUMA  SARSI,  vmr.  GRAIOTLATA  Mien. 

HeUrocwma  sarsi,  var.  granulata  Miers,  Ptoc.  Zool.  Soc.,  1879,  p.  58.— Caueah, 
Ann.  Mag.  Nat.  Hist.,  ser.  8,  vol.  6, 1910,  p.  614. 

The  15  iomiature  specimens  of  both  sexes  show  the  well-marked 
ridges  of  the  abdomen  characteristic  of  the  variety  granulaiaj  but 
there  is  considerable  variation  among  them  in  the  degree  of  granu- 
lation of  the  carapace.  I  can  find  no  evidence,  however,  on  which 
to  separate  the  variety  as  a  distinct  species. 

Locality, — ATbatross  stations  4894  and  4895;  off  Gk)to  Island,  Korea 
Strait;  95  fathoms;  U.S.N.M.  44127,  44128;  16,  male  and  female. 

HBTBROCUBCA  DIOMBDB^  new  spocies. 

Immature  female. — Total  length,  14.3  mm. 

Carapace  a  little  more  than  one-fifth  of  total  length,  its  vertical 
height  a  little  more  than,  and  its  transverse  width  about  equal  to, 


FlQ.  6.— HETEBOCUMA  DIOMEDEiE,  IMUATXmE  FEMALE,  FROM  THE  SIDE. 

one-half  of  its  length.  On  the  anterior  half  of  the  dorsal  surface  (on 
the  frontal  lobe)  is  a  sharp  crest  cut  into  three  large  teeth;  on  the 
posterior  half  is  a  pair  of  tuberculated  ridges  set  close  together. 
The  long  and  narrow  ocular  lobe  reaches  quite  to  the  extremity  of 
the  pseudorostrum  and  bears  a  pigmented  eye.  The  antennal 
notch  is  deep  and  angular.  The  antero-lateraJ  angle  is  bluntly 
pointed  and  does  not  extend  as  far  forward  as  the  tip  of  the  pseudo- 
rostrum.  The  lower  edge  is  serrated  anteriorly.  The  sides  of  the 
carapace  are  dotted  with  rather  widely  spaced  rounded  tubercles. 

The  first  free  thoracic  somite  is  overlapped  at  the  sides  by  the 
second.  A  pair  of  dorsal  ridges  closely  approximated  on  the  second 
somite  diverge  somewhat  on  the  succeeding  somites,  and  a  pair  of 
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dorso-lateral  ridges  first  become  apparent  on  the  third  somite.  These 
two  pairs  of  ridges  are  continued  on  the  abdominal  somites,  becoming 
less  distinct  toward  the  last  somite;  a  more  obscure  lateral  ridge 
is  visible  on  the  penultimate  somite.  The  penultimate  thoracic 
somite  has  a  procurved  median  ventral  tooth. 

Basis  of  third  maxillipeds  produced  distally  into  an  acute  lobe; 
merus  only  slightly  produced  externally;  carpus  not  expanded. 

The  first  legs  have  the  propodus  not  twice  as  long  as  the  carpus 
and  nearly  one-third  longer  than  the  dactylus. 

The  second  and  third  legs  carry  well-developed  exopods,  divided 
into  basal  portion  and  fiagellum, 
that  of  the  third  a  little  smaller 
than  that  of  the  second. 

The  peduncle  of  the  uropods 
is  longer,  by  about  one-third, 
than  the  last  somite,  and  bears 
on  its  inner  edge  about  seven 
strong  spines  with  smaller  spines 
between.  The  exopod  is  a  little 
more  than  half  as  long  as  the 
peduncle,  its  proximal  segment 
half  as  long  (on  the  outer  edge) 
as  the  distal ;  the  endopod  is  a 
little  shorter  than  the  exopod, 
its  two  segments  about  equal  in 
length.  The  inner  edge  of  the 
endopod  carries  spines  and  its 
outer  edge  setse;  both  edges  of 


Figs.  7-9.— Hetebocuma  diomedejz,  immatueb  fe- 
male. 7,  Anterior  part  of  body  from  above; 
8,  TmRD  maxillifed;  9,  last  somite  Ain>  uropod. 


the  exopod  are  setose  distally. 

Immature  male. — (Incomplete.)  Resembling  the  female,  but  with 
the  abdomen  stouter  and  its  crests  more  distinct.  Five  pairs  of 
pleopods  are  present.  The  third  and  fourth  thoracic  somites  have 
each  a  ventral  spine,  and  the  pleural  plates  of  the  fourth  are  pro- 
duced forward  in  a  narrow  lobe. 

Bemarks, — In  having  the  exopods  of  the  second  and  third  legs  well 
developed  and  consisting  of  an  expanded  peduncle  and  a  segmented 
flagellum,  this  species  agrees  with  the  male  which  I  described  under 
the  name  of  H.  weberi}  From  H.  weheri  the  new  species  is  distin- 
guished by  the  tuberculation  and  by  the  serrated  dorsal  crest  of  the 
carapace. 

Locality. — Albatross  station  3708;  oflf  Ose  Zaki,  Honshu  Island, 
Japan;  60-70  fathoms;  1  male  (U.S.N.M.  44125),  1  female  (holotype, 
U.S.N.M.  44126). 

>  Cumacea  of  Siboga  Ezped.,  1905,  p.  6,  pi.  1,  figs.  7-12. 
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BATHTCUMA  (?)  LONGICAXTDATA,  pitw 


ImmaiurefeTnale. — ^Total  length,  18.5  mm. 

Carapace  a  little  more  than  one-fourth  of  total  length,  its  height  a 
little  greater  than  its  transverse  width  and  about  three-fifths  of  its 
length ;  its  dorsal  edge  arched  and  keeled,  at  least  in  its  anterior  half, 
where  it  bears  a  double  series  of  fine  serrations,  for  the  most  part 


FlQ.  10.— BATHTCUMA  (?)  LONCHCAUDATA,  Ilf  MATUKE  FEMALE,  FROM  THE  SD>B. 

alternating.  The  pseudorostrum  is  short,  pointed,  and  slightly 
upturned.  There  is  a  well-marked,  angular,  antennal  notch  defined 
below  by  a  bluntly  pointed  antennal  tooth,  the  lower  margin  of  which 
is  obscurely  serrated.  There  is  no  distinct  eye,  and  the  ocular  lobe 
is  reduced  to  a  narrow  process  carrying  the  serrated  dorsal  crest  for 

a  little  v/ay  between  the  plates 
of  the  pseudorostrum.  The  free 
thoracic  somites  diminish  rapidly 
in  height;  the  dorsal  8urfac43  in 
the  third  and  fourth  is  raised  in  a 
transverse  ridge.  The  abdomen 
exceeds,  by  more  than  one-fourth, 
the  length  of  the  cephalothoracic 
region,  and  is  very  slender,  the 
vertical  height  of  the  anterior 
somites  being  Uttle  more  than  a 
tliird  of  that  of  the  carapace.  All 
the  somites  except  the  last  have 
a  pair  of  dorsal  and  a  pair  of 
dorso-lateral  ridges,  while  a  pair 
of  less  sharply  marked  ventro- 
lateral ridges  on  the  anterior 
somites  become  more  pronounce<l 
and  lateral  in  position  on  the  last  two  somites.  The  last  somite 
is  produced,  as  a  prominent  rounded  lobe,  between  the  bases  of  the 
uropods. 

The  second  and  third  segments  of  the  antennule  are  subequal  and 
much  more  slender  than  the  first.     The  third  maxillipeds  have  the 


11  12 

Fl08.  11-12.— BATHTCUMA  (?)  LONOICAUDATA,  IMMA- 
TURE FEMALE.  11,  TumD  MAXILLIPED;  12,  FIBST 
LEO. 
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basis  not  increasing  in  width  distally,  produced  into  a  lobe  which 
nearly  reaches  the  end  of  the  merus.  The  lower  surface  of  the  basis 
carries  a  row  of  teeth  toward  the  distal  end. 

The  first  legs  are  longer  by  one-half  than  the  carapace;  the  basis 
is  armed  with  spines  on  its  lower  surface  and  is  about  equal  in  length 
to  the  distal  segments  together.  The  dactylus  is  about  equal  to 
the  carpus  and  two-thirds  as  long  as  the  propodus.  The  second 
legs  have  the  ischium  distinct;  the  dactylus  is  longer  than  the  two 
preceding  segments  together.  The  last  pair  of  legs  is  distinctly 
shorter  than  the  preceding  and  has  the  carpus 
about  equal  in  length  to  the  basis. 

The  peduncle  of  the  uropods  is  about  equal  in 
length  to  the  last  somite  and  bears  a  series  of 
spines  of  varying  length  on  its  inner  edge.  The  tip 
of  the  endopod  is  broken  in  the  type-specimen, 
but  probably  it  did  not  greatly  exceed  four-fifths 
of  the  length  of  the  peduncle.  The  proximal  seg- 
ment is  longer  by  one-half  than  what  remains  of 
the  distal.     The  exopod  is  broken. 

Remarks. — Zimmer  has  lately  cast  doubt  on  the 
distinctness  of  the  genus  Bathycunia^  pointing  out 
that  the  tluree  species  referred  to  it  have  no  com- 
mon character  which  they  do  not  share  with  some 
species  of  Vauntompsonia  except  the  lack  of  the 
eye.  While  there  is  much  to  coromend  this  view, 
I  retain  the  name  provisionally  in  the  present  case 
to  indicate  that  the  immediate  aflinities  of  the  new  species  seem  to  be 
with  the  three  species  Iiitherto  referred  to  BaiJiycuma.  From  these 
species^  it  is  distinguished  by  the  ridges  of  the  abdominal  somites 
as  well  as  by  its  much  greater  size  and  by  various  differences  of  pro- 
portion noted  in  the  description  given  above. 

Locality. — Albatross  station  4382;  off  San  Diego,  California; 
642-666  fathoms;  U.S.N.M.  43095;  1  female  (holotype). 

Genus  LEPTOCUMA  G.  O.  Sars. 

The  characters  of  this  genus  have  hitherto  been  very  incompletely 
known,  and  the  occurrence  of  a  new  species  represented  by  nimierous 
individuals  of  both  sexes  throws  some  welcome  light  on  its  affinities. 
Most  of  the  new  characters  described  below,  the  form  of  the  mandibles 
and  maxillulae  for  example,  are  quite  in  accordance  with  Sars'  sug- 
gestion^ that  Leptocuma  should  be  referred  to  the  family  Vauntomp- 
soniidae.     I  have  recently '  supported  Hansen's  suggestion  that  this 

1  See  Caiman,  Fisheries,  Ireland,  Sci.  Invest.,  1904,  No.  1  (1005),  p.  18,  and  Cumaoea  of  Siboga  Exp. 
(1905),  p.  10. 
«  Arch.  Math.  Naturvid.,  vol.  4, 1879,  p.  12. 
*  Ann.  Mag.  Nat.  Hist.,  ser.  8,  vol.  6, 1910,  p.  615. 


FlO.  13.--BATHTCUMA  (?) 
LONOICAUDATA,  I  If  If  A- 
TinUS  rSMALE,  SECOND 
LKO. 
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family  ought  to  be  united  with  the  Bodotriidse,  and  the  new  species 
now  described  brings  a  little  additional  evidence  for  this  by  haying 
male  pleopods  that,  in  the  form  of  the  endopod,  resemble  those  of 
Cumopsis  more  than  those  of  VcmrUompsonia  and  by  the  number  and 
form  of  its  branchial  lobules.  The  most  surprising  feature  of  the 
new  species,  however,  is  the  fact  that  only  three  pairs  of  pleopods 
are  present  in  the  male  instead  of  the  five  pairs  that  are  universal 
throughout  the  extended  family  BodotriidsB.  This  character  helps 
to  diminish  the  distance  separating  this  family  from  the  Leuconids,  in 
which  only  two  pairs  of  male  pleopods  are  present.  Possibly  the 
three-segmented  antenna  of  the  female  may  point  in  the  same  direc- 
tion, for  this  character  is  found  in  some  species,  at  least,  of  the 
genus  Leucon.^ 

LEPTOCUMA  KmBEROn  6.  O.  Svs. 

Leptocuma  Hnbergii  G.  O.  Sabs,  Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  11,  Na 
5,  1873,  p.  24,  pi.  6.— Calman,  Trans.  Zool.  Soc.,  vol.  18, 1907,  p.  30. 

The  specimen  is  a  female  with  embryos  in  the  marsupium.  It 
measures  17  mm.  in  length  of  body  and  is  thus  intermediate  in  size 
between  the  two  previously  recorded.  In  most  points  it  agrees  with 
the  large  specimen  which  I  have  described  from  the  Copenhagen 
Museum  rather  than  with  that  of  Sars.  The  second  legs,  however, 
fall  considerably  short  of  the  anterior  margin  of  the  carapace.  The 
peduncle  of  the  uropods  is  sHghtly  shorter  than  the  last  somite;  the 
exopod  is  equal  to,  and  the  endopod  a  little  longer  than,  the  peduncle. 
Of  the  two  segments  of  the  endopodite  the  second  is  about  two-thirds 
the  length  of  the  first,  as  in  Sars'  figure.  The  basis  of  the  third 
maxilUped  is  not  produced  distally  and  the  distal  segments  are  not 
expanded. 

The  Albatross  specimen  was  taken  in  the  type-locality  of  the  spe- 
cies, off  the  mouth  of  the  Rio  de  la  Plata.  I  have  already  recorded 
the  occurrence  of  the  species  in  the  Straits  of  Magellan. 

Locality.— Albatross  station  2765;  lat.  36°  43'  00"  S.;  long.  56°  23' 
00"  W.;  lOi  fathoms;  U.S.N.M.  44134;  1  female. 

LEPTOCUSIA  MINOR,  new  tpedei. 

Ovigerous  female. — ^Total  length,  7.5  mm. 

Carapace  slightly  more  than  one-fifth  of  total  length,  its  vertical 
height  less  than  three-fourths  of  its  length,  moderately  compressed. 
The  pseudorostrum  is  short  and  truncated,  but  the  lateral  plates  meet 
in  front  of  the  ocular  lobe  for  a  distance  about  equal  to  one-haU 
the  length  of  the  lobe.  The  eye  is  pigmented.  The  antennal  notch 
is  more  open  than  in  L.  Idnbergii.  The  first  leg-bearing  somite  is 
only  exposed  on  the  dorsal  surface;  the  second  and  third  have  the 


1  Sars,  Aich.  Math.  Natorvid.,  vol.  4,  pp.  24, 27,  pi.  28,  flg.  3. 
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pleural  plates  greatly  expanded.    The  abdomen  is  stout  and  longer 
by  about  one-fifth  than  the  cephalothoracic  region. 

The  antennules  rather  short  and  stout,  the  first  segment  of  the 
peduncle  longer  than  the  second  or  third,  which  are  subequal;  the 
outer  flagellum  has  two  segments  and  is  hardly  longer  than  the  last 
segment  of  the  peduncle;  the  inner  flagellum  is  imsegmented  and 


FlO.  14.— LePTOCUMA  lONOR,  TEMALE,  FBOM  THE  SIDE. 

half  as  long  as  the  first  segment  of  the  outer.  The  antennae  consist 
of  three  segments,  the  terminal  one  blimtly  conical  and  twice  as  long 
as  it  is  wide  at  the  base.  The  mandibles  are  of  normal  form,  the  por- 
tion proximal  to  the  molar  process  being  nearly  twice  as  long  as 
that  distal  to  it;  there  are  only  about  six  spines,  and  there  is  a  ladnia 
mohUis  on  the  left  mandible.  The 
palp  of  the  maxillula  has  two  setsB. 
The  branchial  apparatus  has  about 
seven  broad,  flattened,  marginal  lob- 
ules arranged  in  a  straight  row,  and 
a  very  large  reflexed  lobule.  The 
third  maxilliped  has  the  basis  slightly 
produced  at  its  outer  distal  comer. 

The  first  legs  are  short;  the  basis 
is  a  little  longer  than  the  distal  seg- 
ments together ;  the  propodus  is  equal 
to  the  carpus  and  longer  than  the 
dactylus;  there  is  a  group  of  long 
setaB  at  the  distal  end  of  the  inner 
edge  of  the  propodus.  The  second 
legs  have  the  basis  a  little  shorter 
than  the  distal  segments  together; 
the  carpus  is  a  very  little  longer  than 
the  merus;  the  propodus  is  a  little 
longer  than  the  dactylus  and  together  with  it  a  Uttle  longer  than  the 
carpus.  The  third  legs  have  a  well-developed  exopod.  The  fourth 
legs  have  a  vestigial  exopod  of  two  segments,  the  distal  one  very 
minute. 

The  pedimcle  of  the  uropods  is  nearly  1^  times  as  long  as  the  last 
somite  and  bears  a  series  of  unequal  spinules  on  the  inner  edge.  The 
endopod  is  about  four-fifths  as  long  as  the  peduncle,  its  proximal  seg- 


Fio, 


16-16.— LEPTOCUMA  lONOR,  TEMALE.    15, 

Third  maxhjjped;  16,  riKST  leg. 
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ment  more  than  twice  as  long  as  the  distal,  with  the  inner  margm 
spined;  the   distal   segment  is  four  times   as  long  as   wide.    The 
exopod  is  a  little  longer  than  the  endopod  and  has  slender  spines  or 
setae  on  the  inner  edge  and  terminally  but  not  on  the  outer  edge. 
Adult  male. — Total  length,  6.4  mm. 

Carapace  more  than  one-fifth  of  total  length,  the  pseudorostnim 
still  shorter  than  in  the  female,  the  antennal  notch  shallower,  and 

the  antero-lateral  angle  more 
broadly  rounded.  The  tho- 
racic somites  present  no  con- 
spicuous  difTerences  from 
those  of  the  female  and  the 
abdominal  somites  are  only  a 
little  stouter.  Tlie  ant^nnular 
peduncle  is  not  dilated  and  has 
no  conspicuous  distal  brush  of 
hairs.  The thoraciclimbs pre- 
sent no  marked  differences 
from  those  of  the  female  except 
that  largS  exopods  are  present 
on  the  first  four  pairs  of  legs. 

There  are  only  three  pairs 
of  pleopods;  the  endopod  of 
each  has  a  narrow  process  on 
its  outer  margin. 

The  uropods  are  similar  to 


18  19 

Figs.  17-19.— Leptocuma  ionor,  rcMALE.    17,  Second 

leg;  18,  FOURTH  leg;   19,  LAST  SOMITE  AND  UROPOD. 


those  of  the  female,  but  the 
spines  on  the  inner  edge  of  the  peduncle  and  endopod  are  more 
numerous. 

Remarks. — This  species  resembles  very  closely  the  type  of  the 
genus,  but  all  the  specimens  examined  differ  from  it  in  the  fol- 
lowing characters — the  size  of  adult  female  specimens  is  less  than 


Fig.  20.— Leptocuma  minor,  male,  from  the  side. 

half  that  of  adult  females  of  L.  Jcinbergii;  the  lateral  plates  of  the 
pseudorostnim  meet  in  front  of  the  ocular  lobe;  the  basis  of  the 
third  maxillipeds  is  distinctly  produced  at  the  distal  outer  comer; 
the  propodus  of  the  first  legs  is  not  longer  than  the  carpus;  the 
peduncle  of  the  uropods  is  distinctly  longer  than  either  the  last 
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somite  or  the  rami;  the  rami  are  much  more  slender  and  the  outer 
edge  of  the  exopod  is  without  setse. 

Localities.— V.^.Y.  C.  station  141  (1878) ;  Gloucester  Harbor;  8i 
fathoms;  U.S.N.M.  34857,44135;  3  males. 

U.  S.  F.  C.  station  145  (1878);  Gloucester  Harbor;  8  fathoms; 
U.S.N.M.  34858,  34859,  36646,  44136,  44138;  many,  male  and  female 
(including  holotype,  34858). 

Vicinity  of  Woods  Hole;  U.  S.  F.  C;  U.S.N.M.  Ace.  11306;  1  female. 

LST7CON  NASICA  (Kxtfyer). 

Cuina  nasica  Kr0yer,  Naturh.  Tidaskr.,  vol.  3, 1841,  p.  524,  pi.  6,  figs.  31-33. 
Leucon  nasica  Kr0ter,  Naturh.  Tidsakr.,  ser.  2,  vol.  2, 1846,  p.  189,  pi.  2,  figs,  ba-b, 
Leucon  nasicus  Whiteavbs,  Amer.  Joum.  Sci.,  vol.  7, 1874,  p.  214;  Rep.  dredging 

operations  in  Gulf  of  St.  Lawrence,  1874,  p.  16.— S.  I.  Smith,  Trans.  Conn. 

Acad.,  vol.  5,  1879,  p.  114.— G.  O.  Sara,  Crust.  Norway,  vol.  3,  1900,  p.  30, 

pis.  21,  22. 

So  far  as  I  know,  this  species  has  not  hitherto  been  recorded  from 
the  Pacific  side  of  America.  The  specimens  from  the  south  coast  of 
Alaska  seem  to  agree  exactly  with  those  from  Labrador  and  with 
Sars'  figures.  The  species  has  been  recorded  from  the  Gulf  of  St. 
Lawrence  by  Whiteaves  and  by  Smith. 

Localities, — Oflf  Beachy  Island,  between  Flint  Island  and  Cape 
Mugford.  Labrador;  80  fathoms;  Owen  Bryant,  August  22,  1908; 
U.S.N.M.  44143;  1  female. 

Albatross  station  4272 ;  Afognak  Bay,  Afognak  Island,  Alaska;  12-17 
fathoms;  U.S.N.M.  44141;  1  female. 

Off  Round  Island,  Coal  Harbor,  Unga,  6-8  fathoms;  W.  G.  Hall; 
Dall  collection;  U.S.N.M.  44142;  1  female. 

LBUCOlf  If ASICOmES  Lflljeboff • 

Leucon  noHcoides  LnjjEBORQ,  Oefvers.  Kgl.  Vet.  Akad.  FOrh.,  vol.  12,  1856,  p. 
122.— S.  I.  Smith,  Trans.  Conn.  Acad.,  vol.  6,  1879,  p.  115.— O.  O.  Sabs, 
Crust.  Norway,  vol.  3,  1900,  p.  31,  pi.  23. 

This  species  has  been  recorded  from  Eastport,  Maine,  and  from  the 
Gulf  of  St.  Lawrence,  by  S.  I.  Smith. 

Locality.— Albatross  station  2466;  lat.  45^  29'  00^  N.;  long.  66°  24' 
00'' W.;  67  fathoms;  bottom  temperature  30°  F.;  U.S.N.M.  44144; 
18,  male  and  female. 

LEUCON  LONGIROSTRIS  O.  O.  San. 

Leucon  longiroatrisG.  0.  Sars,  Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  9,  No.  13, 1871, 
p.  42,  fig.  75.— Caluan,  Mitth.  Zool.  Stat.  Neapel,  vol.  17,  1906,  p.  414, 
pi.  27,  figs.  1-8. 

This  species,  to  which  a  very  young  specimen  in  tho  collection 
appears  to  belong,  has  been  recorded  from  Davis  Straits  (1,750  fath- 
oms) by  Norman. 

Locality.— AJbatross  station  2084;  lat.  40^  16'  50"  N.;  long.  67"^  05' 
15"  W.;  1,290  fathoms;  bottom  temperature  40^  F.;  U.S.N.M.  44140; 
1  young. 
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SUDORKLLA  EMAROINATA  (Kxtfyer). 

Leucon  emarginatus  Kr0tbb,  Naturfa  Tidaakr.,  aer.  2,  vol.  2, 1846,  p.  181,  pi.  1,  fig. 

7,  pi.  2,  figB.  Sa-h. 
Eudorella  emarginata  S.  I.  Smith,  Tians.  Conn.  Acad.,  vol.  5,  1879,  p.  115.— 

G.  O.  Sabs,  Cniat.  Norway,  vol.  3, 1900,  p.  36,  pis.  27, 28. 

This  well-marked  species  does  not  seem  to  have  been  recorded 
hitherto  south  of  Halifax  on  the  American  coast. 

Localities. — Egg  Harbor,  Labrador;  7  fathoms;  Owen  Bryant, 
August  10,  1908;  U.S.N.M.  44106;  1  female. 

Twenty  miles  ESE.  of  Cape  Sable,  N.  S. ;  70  fathoms;  Owen  Bryant, 
October7,1908;U.S.N.M.  44105;  1  female. 

Albatross  station  2497;  lat.  45^  04'  00*  N.;  long.  59^  36'  45"  W.;  57 
fathoms;  bottom  temperature  33 "^  F.;  U.S.N.M.  38207;  12,  feniale 
and  young. 

U.  S.  F.  C.  station  311;  off  Cape  Cod;  16  fathoms;  bottom  tem- 
perature 49°  F.;  U.S.N.M.  34873;  1  male. 

U.  S.  F.  C.  station  992;  off  Marthas  Vineyard;  36  fathoms;  bottom 
temperature  48*^  F. ;  U.S.N.M.  44104;  1  male. 

EUDORBLLA  TRUNCATULA  (Sp«nce  Btte). 

Eudora  trunoatula  Sp.  Bate,  Ann.  Mag.  Nat.  Hist.,  ser.  2,  vol.  17,  1856,  p.  457, 

pi.  14,  fig.  3. 
Eudorella  trunoatula  G.  0.  Sars,  Arch.  Math.  Naturvid.,  vol.  4, 1879,  p.  34,  pis. 

30-32;  Crust.  Norway,  vol.  3, 1900,  p.  37,  pi.  29. 
Eudorella  pusilla  G.  0.  Sabs,  Oefvers.   Kgl.  Vet.  Akad.  F6rh.,  1871,  p.  79; 

Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  9,  No.  13, 1871,  p.  46,  pis.  16, 17.— S.  I. 

Smith,  Rep.  U.  S.  Comm.  Fisheries,  pt.  1,  1874,  p.  654;  Trans.  Conn.  Acad., 

vol.  5,  1879,  p.  116. 

The  American  form  which  has  been  distinguished  by  G.  O.  Sars 
and  S.  I.  Smith,  under  the  name  of  E,  pusilla^  from  the  European 
E.  truncatvlaj  does  not  seem  to  me  to  deserve  specific  rank.  At  all 
events,  a  somewhat  close  examination  of  the  series  from  American 
localities  in  the  present  collection  has  only  revealed  one  trifling 
character  which  might  possibly  prove  to  be  distinctive,  namely,  the 
shortness  of  the  exopod  of  the  uropods.  In  the  American  specimens 
(females)  this  seems  to  be  always  a  little  shorter  than  the  first  seg- 
ment of  the  endopod,  while  in  the  few  European  specimens  at  hand 
for  comparison,  as  in  Sars'  figures  of  E.  truncatida,  it  is  a  little  longer 
than  that  segment.  Further  research  is  required  to  ascertain 
whether  this  difference  is  constant  and  whether  it  is  accompanied  by 
any  others,  but  for  the  present  it  does  not  seem  adequate  for  the 
separation  of  the  species.  Another  character  presented  by  some  of 
the  specimens  in  this  collection  is  the  possession  of  a  small  anteriorly 
curved  tooth  on  the  dorsal  surface  of  the  carapace  close  to  the  hinder 
margin  of  the  respiratory  opening.  This  tooth  is  easily  overlooked, 
and  it  is  possible  that  it  may  be  found  in  some  European  specimens. 
In  any  case,  it  can  not  be  regarded  as  a  specific  character,  since,  in  a 
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number  of  adult  females  from  one  gathering,  absolutely  indistinguish- 
able by  any  other  character,  it  was  present  in  some  and  absent  in 
others.  A  similar  tooth  in  a  slightly  different  position  is  found  in  the 
specimens  of  E.  monodon  described  below. 

Localities.— U.  S.  F.  C.  stations  133-134  (1878);  Massachusetts 
Bay;  26-33  fathoms;  U.S.N.M.  44113;  1  female. 

U.  S.  F.  C.  station  154  (1878);  Massachusetts  Bay;  38  fathoms; 
bottom  temperature,  41°  F.;  U.S.N.M.  34852;  1  female. 

U.  S.  F.  C.  station  160  (1878);  Massachusetts  Bay;  54  fathoms; 
bottom  temperature,  39''  F.;  U.S.N.M.  44114;  1  female. 

U.  S.  F.  C.  station  337;  off  Plymouth;  16  fathoms;  bottom 
temperature,  47°  F.;  U.S.N.M.  34875;  1  female. 

U.  S.  F.  C.  station  992;  off  Marthas  Vineyard;  36  fathoms; 
bottom  temperature,  48°  F.;  U.S.N.M.  34300;  2  females. 

U.  S.  F.  C.  station  1231;  Vineyard  Sound;  16  fathoms;  bottom 
temperature,  62°  F.;  U.S.N.M.  12697,  12698;  many,  female  and 
young. 

U.  S.  F.  C.  station  811;  off  Block  Island;  19i  fathoms;  bottom 
temperature,  60°  F.;  U.S.N.M.  44112;  1  female. 

U.  S.  F.  C.  station  1240;  Block  Island  Sound;  18i  fathoms; 
U.S.N.M.  12699,  12700;  many  females. 

SUDORBLLA  HISPIDA  G.  O.  Son. 

Eudorella  kispida  G.  O.  Saks,  Oefvere.  Kgl.  Vet.  Akad.  F6rh.,  1871,  p.  80;  Kgl. 
Svenflka  Vet.  Akad.  Handl.,  vol.  9,  No.  13,  1871,  p.  49,  pi.  18,  figB.  95-97.— 
S.  I.  Smith,  Rep.  U.  S.  Comm.  Fisheriee,  pt.  1,  1874,  p.  565;  Trans.  Conn. 
Acad.,  vol.  5,  1879,  p.  115. 

This  species  is  by  no  means  always  so  easily  distinguished  from 
the  preceding  as  might  be  gathered  from  Sars'  description  and 
figures,  and  I  have  had  a  good  deal  of  hesitation  in  deciding  as 
to  the  position  of  individual  specimens.  All  those  determined  as 
E.  Jtispida  possess  the  following  characters:  (1)  The  antero-lateral 
tooth  of  the  carapace  is  strong  and  more  or  less  horizontal;  (2)  the 
carpus  of  the  second  leg  is  a  good  deal  longer  (at  least  1^)  than  the 
merus;  (3)  the  exopod  of  the  uropods  reaches  at  least  to  the  middle 
of  the  second  segment  of  the  endopod.  In  each  of  these  characters, 
however,  there  is  some  variation,  while  among  the  specimens  referred 
to  E,  trunccUida  (1)  the  antero-lateral  tooth  may  be  much  stronger 
than  in  any  of  Sars'  figures;  (2)  the  carpus  of  the  second  leg  may  be 
a  Uttle  longer  than  the  merus,  and  (3)  the  exopod  of  the  uropods,  in 
European  specimens  at  least,  may  be  longer  than  the  first  segment 
of  the  endopod.  At  all  events  there  can  be  no  question  that  the 
outline  of  the  anterior  margin  of  the  carapace  does  not  possess  the 
constancy  attributed  to  it  by  Sars. 

None  of  the  specimens  referred  to  E.  hispida  possess  a  dorsal  tooth 
on  the  carapace. 
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Localities. — ^Twenty  miles  ESE.  of  Cape  Sable,  Nova  Scotia;  70 
fathoms;  Owen  Bryant,  Oct.  7,  1908;  U.S.N.M.  44109;  1  female. 

U.  S.  F.  C.  station  18  (1877);  Massachusetts  Bay;  45  fathoms; 
U.S.N.M.  37836;  2  females. 

Casco  Bay;  U.  S.  F.  C,  1873;  U.S.N.M.  34308,  34965,  44107: 
many  males  and  females. 

U.  S.  F.  C.  station  296;  off  Cape  Cod;  26  fathoms;  bottom  tem- 
perature, 39^  F.;  U.S.N.M.  34864;  1  female. 

U.  S.  F.  C.  station  301;  off  Cape  Cod;  27  fathoms;  bottom  tem- 
perature, 42^  F.;  U.S.N.M.  34871;  1  female. 

U.  S.  F.  C.  station  310;  off  Cape  Cod;  21  fathoms;  bottom  tem- 
perature, 47^  F.;  U.S.N.M.  44108;  2  females. 

U.  S.  F.  C.  station  311;  off  Cape  Cod;  16  fathoms;  bottom  tem- 
perature, 49^  F.;  U.S.N.M.  34869;  1  female. 

U.  S.  F.  C.  station  350;  off  Cape  Cod;  31  fathoms;  bottom  tem- 
perature, 43^  F.;  U.S.N.M.  34872;  1  female. 

U.  S.  F.  C.  station  993;  off  Marthas  Vmeyard;  39  fathoms;  bot- 
tom temperature,  46''  F.;  U.S.N.M.  44110;  1  male. 

SUDORBLLA  MOIf  ODOIf ,  new  species. 

Ovigeraus  female, — Total  length,  4.7  mm. 

Body  slender,  its  surface  sparsely  beset  with  inconspicuous  set«. 
Carapace  about  one-fifth  of  total  length,  its  depth  nearly  four-fifths 


FlQ.  21.— EUDOBELLA  MONODON,  FEMALE,  FBOM  THE  SIDE. 

of  its  length.  Anterior  margin  most  nearly  resembling  that  of 
E,  Mrsuta  Sars,  but  the  antero-lateral  tooth  is  more  prominent  and 
the  serrations  on  the  upper  part  of  the  margin  (anterior  margin  of 
the  pseudorostral  plate)  point  downward.  On  the  upper  surface  of 
the  carapace  about  one-third  of  its  length  from  the  front  margin  is 
a  small,  anteriorly  curved  tooth. 

The  antennules  have  the  second  segment  of  the  peduncle  dilated, 
its  width  about  two-thirds  of  its  length.  The  inner  flagellum  does 
not  nearly  reach  to  the  end  of  the  first  segment  of  the  outer. 

The  first  legs  have  the  propodus  distinctly  longer  than  the  carpus 
and  more  than  twice  as  long  as  the  dactylus.  The  second  legs  have 
the  carpus  about  equal  to  the  merus  and  hardly  longer  than  the  pro- 
podus and  dactylus  together. 
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The  peduncle  of  the  urox)ods  is  longer  by  about  one-fifth  than  the 
last  somite  and  has  six  long  spines  on  its  inner  edge.  .  The  endopod  is 
equal  to  the  peduncle,  its  proximal  segment  four  times  as  long  as  the 
distal,  with  about  15  spines  on  its  iimer  edge,  a  well-defined  apical 
spine,  and  setsB  on  the  outer  edge.  The  exopod  is  shorter  than  the 
endopod,  with  long  setsB  on  the  outer  and  inner  margins. 

Remarks. — ^The  variability  of  the  dorsal  spine  of  the  carapace  in 
E.  truTicatuUi,  as  described  above,  throws  doubt  ujwn  its  value  as  a 
specific  character  in  this  case.  Apart  from  this,  however,  the  speci- 
mens differ  from  Sara'  figures  of  E,  hirsuia  in  so  many  other  charactera, 
the  dilated  second  segment  and  short  inner  flagellum  of  the  antennule 


22  23  24 

Tim.  22-24.~£in>OBELLA  monodon,  female.    22,  Antebiob  edge  of  cabapace  fbom  the  side; 

23,  AHTBNNULE;  34,  LJIST  801CITE  AND  UROPOD. 

being  perhaps  the  most  conspicuous,  that  I  hesitate  to  identify  them 
with  that  species,  which  is  only  known  from  the  Norwegian  coast. 

Locality, — ^Beach  near  Calcasieu  Pass,  Louisiana;  M.  H.  Spaulding, 
collector;  U.S.N.M.  44111;  2  females. 

BUDORBLLOPSIS  DEFORMIS  (Kn^yer). 

Leucon  deformis  Kb0teb,  Naturh.  Tidsakr.,  ser.  2,  vol.  2, 1846,  p.  194,  pi.  2,  fig.  4. 
Eudorella  deformU  G.  O.  Sabs,  Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  9,  No.  13, 

1871,  p.  50,  figs.  101-118.— S.  I.  Smith,  Trans.  Conn.  Acad.,  vol.  5, 1879,  p. 

116. 
EiuhreUopria  deformu  G.  O.  Sabs,  Crust.  Norway,  vol.  3, 1900,  p.  40,  pk.  31-32. 

Recorded  from  oflf  Long  Island  and  from  Gloucester,  Mass.,  by  Sars 
and  by  Smith. 

Localities. — ATbatross  station  2497;  off  Nova  Scotia;  lat.  45**  04' 
00"  N.;  long.  59^  36'  45"  W. ;  57  fathoms;  bottom  temperature,  33*"  5 ., 
U.S.N.M.  44119;  1  female. 
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U.  S.  F.  C.  station  145  (1878);  Gloucester  Harbor;  8  fathoms; 
bottom  temperature,  SI""  F.;  U.S.N.M.  44118;  1  male. 

U.  S.  F.  C.  station  1231 ;  off  Vineyard  Sound  Lightship;  16 
fathoms;  bottom  temperature,  62°  F.;  U.S.N.M.  44120;  1  female. 

BUDORBLLOPSIS  INTBGRA  (S.  I.  Smith). 

Eudorella  inUgra  S.  I.  Smith,  Trans.  Conn.  Acad.,  vol.  5,  1879,  p.  116. 
Evdordloptis  integra  H.  J.  Hansen,  Vidensk.  Medd.  Kjf^enhavn,  1887  (18S8), 
p.  201,  pi.  7,  figs.  a-3(/. 

Four  specimens  from  Bering  Sea  are  in  the  collection  and  appear 
to  agr'^e  perfectly  with  specimens  from  the  Atlantic  coast.  Many  of 
the  latter  have,  on  the  dorsal  surface  of  the  carapace,  a  minute 
denticle  placed  at  about  one-third  of  the  distance  from  the  pseu- 
dorostrum  to  the  posterior  margin  of  the  carapace. 

The  species  has  been  recorded  from  West  Greenland  (up  to  lat 
69"^  58'  N.)  (Hansen),  Gulf  of  St.  Lawrence,  and  Halifax  (S.  I.  Smith), 
at  depths  of  from  15-280  fathoms. 

Localities. — 1  mile  north  of  Battle  Harbor,  Labrador;  50  fathoms; 
Owen  Bryant,  September  14,  1908;  U.S.N.M.  44122;  1  female. 

Albatross  station  2458;  lat.  46°  48'  30"  N.;  long.  52°  34'  OO''  W.;  89 
.fathoms;  bottom  temperature,  29.5°  F.;  U.S.N.M.  35247;  many,  male 
and  female. 

^Z6a<ro««  station  2497;  lat.  45°  04' 00"  N.;  long.  59°  36' 45"  W.;  57 
fathoms;  bottom  temperature,  33°  F.;  U.S.N.M.  10909;  many,  male 
and  female. 

U.  S.  F.  C.  station  100  (1877);  off  Halifax,  Nova  Scotia;  42  fath- 
oms; bottom  temperature,  34°  F.;  U.S.N.M.  34297,  34878;  3  females. 

U.  S.  F.  C.  station  101  (1877);  off  Halifax,  Nova  Scotia;  42  fath- 
oms; U.S.N.M.  34318,  34854,  44153,  44156;  13,  male  and  female. 

U.  S.  F.  C.  stations  106-108  (1877);  off  Halifax,  Nova  Scotia;  110 
fathoms;  bottom  temperature,  36°  F.;  U.S.N.M.  34328;  1  female. 

U.  S.  F.  C.  station  112  (1877);  off  Halifax,  Nova  Scotia;  52  fath- 
oms; bottom  temperature,  35°  F.;  U.S.N.M.  34880;  2  females. 

U.  S.  F.  C.  stations  112-118  (1877);  off  Halifax,  Nova  Scotia;  52 
fathoms;  bottom  temperature,  35°  F.;  U.S.N.M.  34879,  34900;  20, 
male  and  female. 

U.  S.  F.  C.  station  39  (1877) ;  Gulf  of  Mame;  lat.  42°  44'  00"  N.;  long. 
66°  27'  00"  W.;  75  fathoms;  bottom  temperature,  39°  F.;  U.S.N.M. 
44121;  1  female. 

Albatross  station  3252;  Bering  Sea;  lat.  57°  22'  20"  N.;  long.  164° 
24'  40"  W.;  29  fathoms;  bottom  temperature,  44°  F.;  U.S.N.M. 
44123;  4,  male  and  female. 

Albatross  station  3253;  Bering  Sea;  lat.  57°  05'  50"  N.;  long.  164° 
27'  15"  W.;  36  fathoms;  bottom  temperature,  35°  F.;  U.S.N.M. 
44124;  1  female. 
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EUDORSLLOPSIS  BIFUCATA.  new  ipMiet. 

Ovigerous  female. — ^Total  length,  5.5  mm. 

Carapace  more  than  one-fourth  of  total  length,  only  a  little  longer 
than  deep.  Anterior  margm  shaped  ssinE,  iviegra,  but  more  sinuous, 
with  a  strong  convexity  at  the  base  of  the  pseudorostrum;  with  a  few 
inconspicuous  serrations  in  its  upper  part,  interspersed  with  longish 
setae.  Pseudorostrum  nearly  vertical,  acute,  anterior  margin  con- 
cave.   On  the  side  of  the  carapace  are  two  oblique  curved  ridges. 


FlO.  25.~£UDOIUCLLOPS[S  BIFUCATA,  rBMALB,  FROM  THE  SEDE. 

The  first  leg-bearing  somite  is  firmly  united  to  the  posterior  edge 
of  the  carapace.  The  abdomen  is  about  four-fifths  as  long  as  the 
cephalothoracic  region.  The  last  somite  is  crossed  by  a  very  distinct 
transverse  groove  and  its  posterior  edge  is  broadly  rounded,  as  seen 
from  above. 

The  antennules  resemble  those  of  E.  integral  and  the  spines  which 
they  carry  are  comparatively  few  and  inconspicuous.  The  mouth 
parts  do  not  differ  greatly  from  those  of  E. 
deformis,  but  the  basis  of  the  third  maxillipeds, 
measured  along  its  inner  edge,  is  nearly  twice  as 
long  as  the  distal  segments  together.  The  first 
legs  are  rather  longer  than  in  E.  deformis,  and  the 
three  distal  segments  diminish  successively  in 
length. 

Peduncle  of  uropods  about  equal  in  length  to 
the  last  somite;  width,  as  seen  from  above,  about 
half  its  length.  Exopod  more  than  one  and  one- 
half  times  as  long  as  the  peduncle,  narrowed  at 
the  tip  and  curved  outward,  with  rather  long 
setae  on  the  inner  edge  and  at  the  tip;  outer  edge 
serrated  distally  and  with  a  group  of  setae  about  the  middle  of  its 
length.  Endopod  shorter  than  the  exopod,  its  stout  terminal  spine 
reaching  about  to  the  apex  of  the  latter,  with  about  13  spines  on  the 
inner  and  some  small  spines  on  the  outer  edge. 

Remarks. — From  the  three  known  species  of  the  genus  this  new  form 

is  at  once  distinguished  by  the  two  oblique  ridges  on  the  side  of  the 

944280— Proc.N.M.  vol.41— 11- 


FlQ.  26.~£UDORELLOPSIS 
BIFUCATA,  FEMALE,  LAST 
SOMITE  AND  UROPOD. 
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carapace.  In  its  other  characters  it  approaches  most  closely  to  E. 
integra  S.  I.  Smith,  hut  it  is  distinguished  by  a  difference  in  the  out- 
line of  the  anterior  part  of  the  carapace,  by  the  marked  transverse 
groove  of  the  last  somite  (hardly  indicated  in  E.  integra) ,  by  the  more 
nearly  equal  rami  of  the  uropods,  and  by  a  number  of  other  small 
characters. 

Localities.— Albatross  station  2466;  lat.  45''  29'  OCX.;  long.  55° 
24'  00"  W.;  67  fathoms;  bottom  temperature,  30**  F.;  U.S.X.M. 
44116,  44117;  2  females  (mcluding  holotype,  44117). 

Albatross  station  2497;  lat.  45**  04'  00"  N.;  long.  59°  36'  45"  W.; 
57  fathoms;  bottom  temperature,  33°  F.;  U.S.N.M.  44115;  12,  female 
and  young. 

CUMSLLA  (7)  CARmATA  (HanMn). 

Campylaspis  carinata  Hansen,  Vidensk.  Medd.  Kj0benhavii,  1887  (1888),  p.  207, 
pi.  7,  figs.  4,  4a.  —  Calman,  Fisheries,  Ireland,  Sci.  Invest.,  1904,  No.  1 
(1906),  p.  28. 

The  specimens  examined  agree  very  well  as  regards  external  char- 
acters with  Hansen's  excellent  figures. 

I  have  previously  discussed  the  systematic  position  of  this  peculiftr 
species  and  have  suggested  that  it  might  possibly  belong  to  the  genus 
CmrnUopsis,  A  renewed  examination  of  the  mouth  parts,  however. 
leaves  no  doubt  in  my  mind  that  the  species  is  most  'nearly  related 
to  the  genus  CumeUa,  In  the  third  maxiUipeds  the  basis  is  slightly 
produced  at  its  distal  outer  comer  and  the  merus  projects  externally. 
The  second  maxiUiped  resembles  very  closely  that  of  Nantwstacui 
unguicvlatus  as  figured  by  Sars,  and  is  very  different  from  that  of 
Cu7nel}ojpsiSj  the  protuberance  on  the  outer  side  of  the  merus  being 
especially  well-marked.  The  terminal  segment  of  the  first  maxillipeds 
is  distinctly  broadened  and  sub-discoidal,  much  as  in  Sars'  figure  of 
CumeUa  pygmssa.  An  even  more  important  indication  of  afiBnity  is 
given  by  the  branchial  apparatus,  on  which  I  can  discover  no  trace 
of  lobules.  The  remaining  mouth-parts  differ  only  in  trivial  char- 
acters from  those  of  CumeUa  and  Nannastacus,  the  maxilla,  which  I 
was  unable  to  examine  previously,  being  of  normal  type,  with  two 
movable  endites.    The  palp  of  the  maxillula  has  two  set®. 

The  only  character  which  could  at  present  be  regarded  as  excluding 
the  species  from  the  genus  CumeUa,  apart  from  the  strongly  calcified 
and  brittle  integument  and  the  tuberculated  carapace,  is  the  presence 
of  a  distinct  ischium  in  the  second  maxilliped.  This,  however,  is  a 
character  somewhat  diflicult  to  observe,  and  it  is  by  no  means  certain 
that  it  is  absent  in  all  the  species  referred  to  Cumetta.  In  any  case 
it  would  not,  by  itself,  justify  the  estabUshment  of  a  new  genus. 

Only  two  specimens  of  this  species  have  hitherto  been  recorded. 
That  described  by  Hansen  was  from  Disco,  Greenland,  while  that 
in  the  Museum  of  University  College,  Dundee,  is  from  the  coast  of 
Labrador. 
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Localities.— Albatross  station  2458;  lat.  46°  48'  30"  N.;  long.  52'' 
34'  00"  W.;  89  fathoms;  bottom  temperature,  29.5*^  F.;  U.S.N.M. 
44006;  1  female. 

Albatross  station  2466;  lat.  45°  29'  00"  N.;  long.  55°  24'  00"  W.;  67 
fathoms;  bottom  temperature,  30°  F.;  U.S.N.M.  44007;  4  females. 

CUMELLA,  r  species. 

The  specimens,  which  are  all  males,  belong  to  a  species  closely 
allied  to  C.  pygmsea  G.  O.  Sars,  but  apparently  distinct  from  it. 
The  most  noticeable  difference  is  that  in  these  Alaskan  specimens 
the  last  three  thoracic  and  the  first  three  abdominal  somites  are 
each  elevated  dorsally  into  a  transverse  ridge,  appearing  in  side 
view  as  a  prominent  angular  tooth.  It  is  to  be  noted,  however, 
that  in  male  specimens  of  C.  pyffmsea  from  the  west  of  Ireland  the 
dorsal  outline  of  these  segments  is  more  uneven  than  in  Sars'  figures. 
Further,  in  the  Alaskan  specimens  the  pseudorostrum  is  a  little 
longer  and  the  antero-lateral  angle  of  the  carapace  slightly  more 
produced  than  in  C.  pygmssa;  the  peduncle  of  the  uropods  is  much 
stouter  and  shorter  (only  a  little  longer  than  the  last  somite,  while 
in  C.  pygmaea  it  is  twice  as  long),  with  strong  serrations,  but  onl}'-  two 
spines  on  its  inner  edge;  the  endopod  is  also  stouter  and  has  only 
four  spines  on  the  inner  edge. 

As  this  species  comes  so  near  to  C.  pygmsea  it  is  desirable  to  await 
the  discovery  of  the  female  before  describing  it  under  a  new  name. 

Localities. — Old  Harbor,  Kodiak  Island;  Albatross ,  August,  1888; 
U.S.N.M.  44004;  about  8  males. 

Kodiak,  Alaska,  surface,  electric  light;  AlbatrosSy  1888;  U.S.N.M. 
44003;  many  males. 

CAMPTLASPIS  RUBICUNDA  (LUUeborg). 

Cuma  ruhicunda  Lilljebobo,  Oefvere.  Kgl.  Vet.  Akad.  F6rh.,  vol.  12, 1855,  p.  121. 
Campylaspis  rubicunda  S.  I.  Smith,  Trans.  Conn.  Acad.,  vol.  5,  1879,  p.  120. — 
G.  O.  Sabs,  Crust.  Norway,  vol.  3,  1900,  p.  84,  pis.  56,  57. 

Localities.— U.  S.  F.  C.  station  165  (1878);  Gulf  of  Mame;  35 
fathoms;  bottom  temperature,  41.5®  F.;  U.S.N.M.  34886;  1  female. 

U.  S.  F.  C.  station  992;  off  Marthas  Vineyard;  36  fathoms;  bottom 
temperature,  48''  F.;  U.S.N.M.  44002;  1  female. 

CAMPYLASPIS  HORRmA  O.  O.  Stun  (7). 

Campylaspis  horrida  G.  O.  Sabs,  Forh.  Vidensk.  Selsk.  Christiania,  1869  (1870), 
p.  162.— Crust.  Norway,  vol.  3,  1900,  p.  89,  pi.  62. 

Two  specimens  are  referred  to  this  species,  with  some  doubt  in 
both  cases.  One,  a  young  female  from  the  Atlantic,  has  been  dried 
and  is  very  much  broken.  From  what  remains,  however,  it  would 
appear  that  the  sculpturing  of  the  carapace  was  in  general  agreement 
with  the  figures  of  Sars. 

The  Japanese  specimen  is  an  immature  male  (total  length,  7.7  mm.), 
and  it  differs  somewhat  from  Sars'  figures  of  the  adult  female.    The 
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tubercles  on  the  carapace  are  slightly  smaller  and  more  acutdy 
conical,  and  they  show  less  tendency  to  run  together  into  continuous 
ridges.  The  distal  segments  of  the  third  maxillipeds  and  first  and 
second  legs  are  noticeably  more  slender  than  in  Sara'  figures. 

It  is  possible  that  the  examination  of  further  material  may  show 
this  Japanese  form  to  be  distinct  from  that  found  in  the  Atlantic. 

Localities.— Albatross  station  2212;  lat.  39''  59'  30''  N.;  long.  70* 
30'  45"  W. ;  428  fathoms;  bottom  temperature,  40''  F. ;  U.S.N.M.  44000; 
1  female. 

Albatross  station  5087;  Sagami  Bay;  614  fathoms;  bottom  tempera- 
ture, 37.5^  F.;  U.S.N.M.  44001:  1  male. 

CAMPYLASPIS  AFFIinS  G.  O.  San  (?). 

CampyUupiB  affirm  G.  O.  Sars,  Forh.  Vidensk.  Selsk.  Ohristiaiua,  1809  (1870), 
p.  160.— CrQst.  Norway,  vol.  .3,  1900,  p.  91,  pi.  64. 

Five  specimens,  including  two  subadult  females,  are  referred  with 
considerable  doubt  to  this  species.  They  diflfer  from  Sars'  account 
of  it  chiefly  in  having  on  each  side  of  the  carapace  a  shallow  oblique 
depression  in  the  same  position  as  that  present  in  C,  sulcata  but  mudi 
less  extensive  and  less  sharply  defined.  From  the  last-named  species 
they  are  also  distinguished  by  the  much  less  strongly  vaulted  cara- 
pace and  by  other  characters.  As  I  have  no  typical  specimens  of 
(7.  affinis  for  comparison,  I  am  uncertain  what  value  to  attach  to 
these  diflferences. 

Locality.— V.  S.  F.  C.  stations  992  and  993;  off  Marthas  Vineyard; 
36-39  fathoms;  bottom  temperature,  46.5''-48''  F.;  U.S.N.M.  43098, 
43099;  5,  male  and  female. 

CAMPTLASPIS  YTTRSA  Caiman  (?). 

Campylaspi8  vilrea  Caluan,  Mitth.  Zool.  Stat.  Neapel,  vol.  17,  1906,  p.  425,  pL 
28,  figs.  28-34. 

An  immature  male  specimen  is  referred  with  some  doubt  to  this 
species,  with  which  it  agrees  in  general  form.  It  differs,  however, 
from  the  type-specimens  in  the  following  characters:  (1)  It  is  con- 
siderably larger  (7.2  mm.  as  against  4.7  mm.  for  an  immature  female); 
(2)  the  integument  is  much  less  pellucid;  (3)  the  ridges  on  the  cara- 
pace are  blunter  and  less  elevated;  (4)  the  two  connecting  ridges 
between  the  upper  and  lower  obUque  ridges  are  much  less  conspicu- 
ous; (5)  there  is  a  median  posterior  connecting  ridge  between  the 
transverse  ridges  crossing  the  postero-dorsal  part  of  the  carapace 
(this  median  connecting  ridge,  however,  is  traceable  in  one  of  the 
types,  although  not  indicated  in  the  figure) ;  (6)  the  crests  on  the 
abdominal  somites  are  much  less  prominent,  although  arranged  in  the 
same  way. 

Locality.— Albatross  station  2048;  lat.  40°  02'  00"  N.;  long.  68**  50' 
30"  W.;  547  fathoms;  bottom  temperature,  29°  F.;  U.S.N.M.  12576; 
1  male. 
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LAMPROPS  FUSCATA  O.  O.  San. 

Lamprops  fuacata  G.  O.  Sabs,  Forh.  Yidensk.  Selsk.  Christiania,  1864  (1865),  p. 
192.— Cnist.  Norway,  vol.  3,  1900,  p.  20,  pi.  11. 

A  small  and  immature  specimen  is  referred,  without  much  doubt, 
to  this  species,  which  is  known  from  Greenland,  Franz-Joseph  Land, 
Nova  Zembla,  and  the  north  of  Norway. 

Locality, — ^Z6a^05«  station  2466;  off  Newfoundland;  67  fathoms; 
U.S.N.M.  44129. 

With  this  species  I  also  associate  provisionally  four  ovigerous 
female  specimens  from  Alaska.  They  differ  from  Sars'  account  of 
the  species  in  the  following  characters :  (1 )  The  size  is  inuch  greater — 
about  8.7  mm.  total  length;  (2)  the  pseudorostrum  is  shorter,  the 
lateral  plates  only  meeting  for  a  very  short  distance  in  front  of  the 
ocular  lobe;  (3)  the  dorsal  crest  on  the  anterior  part  of  the  carapace 
is  very  strongly  marked;  (4)  the  first  legs  are  shorter,  not  extending 
beyond  the  pseudorostrum,  but  the  relative  lengths  of  the  segments 
are  much  as  in  Sars'  figures;  (5)  the  last  two  segments  of  the  second 
legs  are  shorter,  together  equahng  the  length  of  the  carpus;  (6)  the 
peduncle  of  the  uropods  is  a  Uttle  longer  than  the  telson.  As  I  have 
not  been  able  to  compare  the  specimens  with  an  adequate  series  of 
the  Atlantic  and  Arctic  form,  it  would  be  hazardous  to  regard  these 
differences  as  specific. 

Localities, — Shahafka  Cove,  Kodiak  Island,  Alaska;  W.  H.  Dall, 
July  10,  1880;  U.S.N.M.  44130. 

Chiniak  Bay,  Kodiak,  Alaska;  W.  H.  DaU,  July  12, 1880;  U.S.N.M. 
44131. 

LAMPROPS  QUADRIPUCATA  8. 1.  Smtth. 
Lamprops  quadriplicata  S.  I.  Smith,  Trans.  Conn.  Acad.,  vol.  5,  1879,  p.  118. 

It  is  doubtful  whether  this  species  is  entitled  to  rank  as  distinct 
from  the  L.fa^data  of  European  coasts.  The  first  of  the  four  oblique 
ridges  on  the  carapace  varies  in  distinctness  and  is  by  no  means  alto- 
gether absent  in  European  specimens,  in  some  of  which  it  is  nearly 
as  well  marked  as  in  those  from  America.  All  the  European  speci- 
mens I  have  seen,  however,  agree  with  Sars'  figures  in  having  only 
one  pair  of  lateral  spines  on  the  telson,  while  in  American  specimens, 
as  in  Smith's  description,  there  are  at  least  two  pairs.  There  are 
also  some  small  differences,  which  may  be  constant,  in  the  spinula- 
tion  and  proportions  of  the  uropods. 

Localities, — Albatross  station  2438;  off  Newfoundland;  lat.  43° 
36'  00"  N.;  long.  SO""  03'  30"  W.;  37  fathoms;  bottom  temperature 
36.8°  F.;  U.S.N.M.  10499;  1  female. 

Casco  Bay;  U.  S.  F.  C,  1873;  U.S.N.M.  34886;  1  female. 

U.  S.  F.  C.  station  141  (1878);  Gloucester  Harbor;  8i  fathoms; 
bottom  temperature  44.5°  F.;  U.S.N.M.  44132;  1  female. 
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U.  S.  F.  C.  station  311;  Cape  Cod  Bay;  16  fathoms;  bottom  tem- 
perature 49*"  F.;  U.S.N.M.  44133;  1  male. 

U.  S.  F.  C.  station  352;  Cape  Cod  Bay;  lOJ  fathoms;  bottom  tem- 
perature 62°  F.;  U.S.N.M.  34874;  1  male. 

U.  S.  F.  C,  November  22,  1879;  U.S.N.M.  36639;  1  male. 

LAMPROPS  (?)  BERIN6I.  new  tpedei. 

Ovigerousfenude, — ^Total  length,  12.7  mm. 

Carapace  about  one-fifth  of  total  length,  its  dorsal  surface  keeled 
in  front,  flattened  or  faintly  sulcate  behind.     A  smgle  obhque  ridge 


FlQ.  27.— LaMPROPS  (7)  BERINOI,  FEMALE,  FROM  THE  SIDE. 

on  each  side  of  the  carapace  ends  below  on  the  antero-lateral  tooth 
and  meets  its  fellow  of  the  opposite  side  on  the  dorsal  surface  a  little 
behind  the  middle  of  the  carapace.  The  pseudorostrum  is  very 
short  and  blunt;  the  antennal  notch  is  well-marked  and  rounded;  the 
antero-lateral  corner  projects  as  far  forward  as  the 
pseudorostrum  and  is  sharply  pointed. 

In  the  first  legs  the  three  distal  segments  are 
subequal  in  length  and  the  distal  end  of  the  carpus 
extends  slightly  beyond  the  pseudorostrum  in  the 
natural  position.  The  second  legs  have  the  two 
distal  segments  subequal  and  together  equal  to  the 
carpus. 

The  telson  is  nearly  one  and  a  half  times  as  long 
as  the  last  somite,  with  five  or  six  lateral  spines  on 
each  side  (not  symmetrically  placed)  and  three 
apical  spines  of  which  the  median  is  the  longest. 

Peduncle  of  uropods  about  equal  in  length  to 
the  telson,  with  rather  slender  spines  on  its  inner 
edge.    Endopod  nearly  as  long  as  peduncle,  exopod 
slightly  shorter;  second  and  third  segments  of  en- 
dopod subequal  and  together  about  three-fifths  of 
length  of  first  segment. 
Remarks. — In  the  absence  of  the  male  it  can  not  be  decided  whether 
this  species  should  be  placed  in  Lamprops  or  in  HemUampropSy 
although  the  presence  of  a  well-marked  antennal  notch  in  the  front 
margin  of  the  carapace  suggests  the  former  of  these  genera.    In  hav- 


Fio.  28.— Lamprops  (?) 

BERINGI,  FEMALE,  LAST 
SOMITE,  TELSON,  AND 
UROPOD. 
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ing  a  single  lateral  ridge  on  the  carapace  it  resembles  H,  uniplicata 
G.  O.  Sars,  but  it  is  distinguished  by  the  antennal  notch,  the  much 
shorter  first  legs,  and  the  different  proportions  of  the  uropods. 
Locality. — Bering  Island ;  N.Grebnitzky;  U.S.N. M.  13678;  1  female. 

PARALAMPROPS  ORBICULARIS  (Caiman). 

Platydspis  orbicularis  Calman,  Fisheries,  Ireland,  Sci.  Invest.,  1904,  No.  1  (1905), 
p.  43,  pi.  5,  figs.  77^1. 

Immature  female  (with  developing  odstegites). — Total  length,  16 
mm.    A  less  perfect  ovigerous  female  is  about  the  same  size. 

Carapace,  viewed  from  above,  roughly  square  in  outline,  with 
broadly  rounded  corners,  the  lateral  margins  very  slightly  convergent 
anteriorly;  the  anterior  margin  is  concave,  with 
a  slight  pseudorostral  projection  in  the  middle. 
The  greatest  transverse  width  is  a  little  less  than 
the  length  measured  in  the  middle  line.  On  the 
dorsal  surface  a  median  serrated  ridge,  or  rather 
a  row  of  minute  teeth,  runs  backward  from  the 
small  ocular  lobe  to  a  little  past   the  middle 

of  the  length  of  the 
carapace;  there  are  no 
paired  ridges  on  the 
posterior  part  of  the 
dorsal  surface.  The 
under  surface  of  each 
wing  of  the  carapace  is 
divided  into  two  by 
a  somewhat  sinuous 
longitudinal  ridge. 

The  first  leg-bearing 
somite  is  larger  than 
those  that  follow  it, 
but  its  pleural  plates 
are  completely  over- 
lapped by  those  of  the 
second  somite.  The 
last  thoracic  somite  is 
similar  to,  but  shorter 
than,  the  first  abdom- 
inal somite. 

The  abdomen,  including  the  telson,  is  about  IJ  times  as  long  as  the 
cephalothoracic  region,  and  is  very  slender;  the  fifth  somite  is  more 
than  four  times  as  long  as  wide  and  twice  as  long  as  the  last  somite. 
The  telson  is  a  little  longer  than  the  last  somite;  not  much  narrowed 


29  30 

FiaS.  2^-30.— PARALAMPROPS  ORBICULARIS,  DIMATURK  FElf  ALB. 
FROM  above;  30,  ANTRPJOR  PART  OF  BODY  FROM  BELOW. 
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at  the  tip,  which  is  rounded  and  bears  five  spines;  there  are  two 
pairs  of  lateral  spines. 

The  antennules  measured  to  the  tip  of  the  longer  flagellum  are 
only  a  little  shorter  than  the  carapace,  the  peduncle  forming  about 
half  their  length.  The  first  segment  of  the  peduncle  is  about  equal 
to  the  other  two  together  and  the  three  are  beset  with  rather  numer- 
ous setffi,  apparently  of  considerable  length,  although  nearly  all  of 
them  are  broken  off  in  the  specimens  examined.  The  longer  flagellum 
has  six  long  segments  and  a  minute  terminal  one  in  two  of  the 
specimens,  but  only  fiye  segments  and  a  terminal  one  in  another 
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Flos.  81-36.— PAaAXJlMPEOPS    OBBICULAUS,    IMMATUBK    FEMALX.     31, 

amtbnna;  32,  maxillula;  38,  first  maxiluped  akd  bbakchul 

AFPAEATUS;  34,  THUD  MAZILLIPBD;  35,  FOtR  LBQ. 


specimen.  The  shorter  flagellum 
is  more  than  half  the  length  of 
the  longer  and  consists  of  three 
long  segments  and  a  minute  ter- 
minal one. 

The  antenn»  are  about  two- 
fifths  as  long  as  the  antennules 
and  consist  of  four  segments;  the 
first  segment  is  stout  and  carries 
three  (perhaps  four)  plumose  setsd;  the  other  segments  are  slender, 
the  second  one-fourth  as  long  as  the  third,  which  again  is  less  than 
half  as  long  as  the  fourth;  the  second  and  third  have  each  a  single 
seta,  and  the  third  an  apical  group  of  very  minute  set®. 

The  mandibles  and  maxillse  are  of  normal  type.    The  maxillula? 
have  a  well-developed  palp,  carrying  two  setae. 

The  first  maxilliped  and  its  branchial  apparatus  resemble  closely 
those  of  Paralampropa  aerratocostata  as  figured  by  Sars. 
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The  third  maxiUipeds  have  the  basis  slender  and  shorter  than  the 
distal  segments  together.  The  first  legs  are  about  equal  in  length 
to  the  whole  cephalo thoracic  region;  the  basis  is 
about  three-fifths  of  the  length  of  the  distal  seg- 
ments together;  the  very  slender  dactylus  is  about 
equal  to  the  carpus  and  two-thirds  as  long  as  the 
propodus. 

The  second  legs  are  also  long  and  slender,  consid- 
erably longer  than  the  carapace;  the  basis  is  about 
equal  to  the  distal  segments  together;  the  carpus 
has  a  row  of  unequal  spines  along  the  inner  edge 
and  is  about  equal  to  the  last  two  segments 
together;  the  slender  dactylus  is  nearly  four  times 
as  long  as  the  propodus;  tibere  is  a  well-developed 
exopod. 

The  third  and  fomrth  pairs  of  legs  are  similar  to 
one  another,  only  a  Uttle  shorter  than  the  carapace, 
and  each  having  a  minute  exopod  of  two  segments; 
the  basis  is  longer  by  one-half  than  the  distal  seg- 
ments together. 

The  fifth  legs  are  very  small,  less  than  one-fourth 
of  the  length  of  the  preceding  pair;  the  basis  is 
shorter  than  the  distal  segments  together. 

The  peduncle  of  the  uropods  is  longer  by  about 
one-half  than  the  last  somite,  and  has  a  row  of  unequal  spines  on  the 
inner  edge.  The  endopod  is  about  equal  in  length  to  the  peduncle, 
of  three  segments,  the  first  about  three  times  as  long  as  either  the 
^^^^^  second  or  the  third,  spinose  on  the  inner  edge.  The 
^,^^^^^^\\  exopod  is  a  little  longer  than  the  first  two  segments 
^^  \         li      ^^  ^'^  endopod  and  has  setae  on  both  edges. 

0[  Remarks. — The  specific  identity  of  this  form  with 
that  to  which  I  gave  the  name  Platyaspis  orbicularis 
is  not  beyond  doubt.  The  type  specimen  from  the 
west  of  Ireland  is,  however,  very  incomplete,  lack- 
ing the  abdomen  and  most  of  the  thoracic  somites. 
Its  carapace  is  only  about  half  as  long  as  that  of  the 
specimen  described  above  and  it  shows  no  trace  of 
oostegites.  It  is  therefore  quite  probable  that  the 
differences  in  the  outline  of  the  carapace  and  the 
absence  of  the  paired  ridges  on  its  dorsal  surface  in 
the  larger  specimens  may  be  due  to  the  difference 
in  age. 

The  Irish  specimen  was  referred  to  the  genus  Platyaspis  chiefly  on 
account  of  the  general  shape  of  the  carapace.    The  more  complete 


Fio.  36.— Pabalampsops 

OBBICDLABIS,  IMMA- 
TUBX  FEMALE,  SBOOND 
LEO. 


FlQ.  37.— Paralampeops 
OEBICULABIS,  I M  M  A- 
TUBS  FEMALE,  THIBD 
LEO. 
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FiQ.  38.— Para- 
lam  PROPS  OR- 
BICULARIS, IM- 
M  A  TURK  FE- 
MALE, FIFTH 
LEO. 


specimens  now  described  show,  however,  that  the  species  can  not 
belong  to  that  genus,  since  it  has  well-developed  exopods  on  the  sec- 
ond pair  of  legs  and  vestigial  exopods  on  the  third  and 
fourth  pairs  in  the  female  sex.  In  these  and  in  many 
other  respects  it  agrees  much  more  closely  with  the  type 
of  the  genus  Paralamprops  (P.serratocostata)  described 
by  Sars  from  Kerguelen.  I  have,  therefore,  placed  it 
for  the  present  in  that  genus,  although  it  differs  in  one 
character  so  important  and  unexpected  that  it  might 
almost  justify  the  creation  of  a  new  genus.  This  char- 
acter is  the  possession  of  a  normal  maxillular  palp.  The  only  Cumacea 
in  which  this  palp  is  lacking  are  Platyaspis  typica  and  Paralamprops 
serratocostaia,  and  this  common  character  has  been  used  by  Zimmer 
as  an  argument  against  the  separation  of  the  Platyaspidse  from  the 
Lampropidae.  In  other  respects,  however,  the  case  against  this  sepa- 
ration is  strengthened  by  the  characters  of  the  species 
described  above,  which  unites  the  greatly  expanded 
carapace  of  Platyaspis  with  the  arrangement  of  exo- 
pods characteristic  of  Paralamprops. 

Localities, — Albatross  station  2547;  lat.  39*^  54'  30" 
N.;  long.  70°  20'  00"  W.;  390  fathoms;  bottom  tem- 
perature, 39.6°  F.;  U.S.N.M.  38210. 

Albatross  station  2680;  lat.  39°  50'  00"  N.;  long. 
70°  26'^0"  W.;  555  fathoms;  U.S.N.M.  44148. 

U.  S.  F.  C.  station  891;  lat.  39°  46'  00"  N.;  long. 
71°  10'  00"  W.;  480  (?)  fathoms;  U.S.N.M.  34306. 

U.  S.  F.  C.  station  997;  lat.  39°  42'  00"  N.;  long. 
71°  32'  00"  W.;  335  fathoms;  bottom  temperature, 
40°  F.;  U.S.N.M.  34304. 


RIS,  IMMATURB 
FEMALE,  LAST  90- 
MITE,  TELSON, 
AND  UROPOD. 


DIASTTUS  SCORPIOmES  (Lepechln). 

Oniscus  scorpioides  Lepechin,  Acta  Acad.  Sci.  Petropol.,  1778, 
pt.  1  (1780),  p.  248,  pi.  8,  fig.  2.  Fia.  39.~PAiiALAif. 

Diastylis  scorpioides  G.  0.  Sars,  Crust.  Norway,  vol.  3,  1900,        '•"o"  obbicula- 
p.  58,  pi.  44. 

This  species  was  found  by  Stuxberg  on  the  voyage 
of  the  Vega  as  far  east  as  the  Liakhov  Islands.* 

Localities, — Upernavik  Harbor,  Greenland ;  1 3  fathoms ;  Ensign  C.  S. 
McClain,  U.  S.  S.  Alert,  June  14,  1884;  U.S.N.M.  13769;  1  female. 

Greenland  ( ?) ;  Ensign  C.  S.  McClain,  U.  S.  S.  Alert,  1884;  U.S.N.M. 
14766;  1  female. 

1  Blhang  Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  5, 1880,  No.  22,  p.  36,  and  Vega  Exped.  V^etensk.  lakttag- 
elser,  vol.  1, 1S82,  p.  710,  as  D.  edwardtL 
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Shoal  Tickle,  near  Nain,  Labrador;  Owen  Bryant,  August  15,  1908; 
U.S.N.M.  44088;  1  female. 

Albatross  station  2697;  off  Newfoundland;  lat.  47°  40'  00''  N.; 
long.  47°  35'  30"  W.;  206  fathoms;  U.S.N.M.  44089;  2  females. 

DIASTTLIS  DALU,  new  spedes. 

AduU  female  (wdth  empty  brood-pouch). — Total  length,  24  mm. 

Resembling  D.  scoryioides  (Lepechin)  in  general  appearance;  sur- 
face of  carapace  much  smoother  and  the  ridges  not  crenulated.  There 
are  only  four  oblique  ridges  on  each  side  of  the  carapace;  the  first  is 
rather  obscure  and  runs  forward  on  the  side  of  the  pseudorostrum; 
the  others  are  very  bold  and  prominent;  the  second  and  third  run, 
without  uniting,  to  the  lower  edge  of  the  carapace,  while  the  fourth 
approaches  or  actually  joins  the  third  near  its  lower  end.  The  longi- 
tudinal ridges  uniting  the  upper  ends  of  the  three  posterior  oblique 
ridges  on  the  dorsal  surface  are  very  prominent  and  the  area  between 
them  is  grooved  in  the  middle  line.     The  pseudorostrum  is  very  short, 


FlO.  40.— DlASTTUS  DALU,  IMMATURE  FEMALE,  FROM  THE  SIDE. 

its  upper  edge  sloping  slightly  downward  and  the  lateral  plates  meet- 
ing only  for  a  distance  not  greater  than  the  length  of  the  ocular  lobe. 
The  ocular  lobe  is  as  long  as  broad. 

The  pleural  plates  of  the  second  free  thoracic  somite  are  pointed  in 
front.  The  abdomen  (excluding  the  telson)  is  about  as  long  as  the 
cephalothoracic  region. 

The  telson  is  longer  by  one-third  than  the  last  somite  and  nearly 
equal  in  length  to  the  peduncle  of  the  uropods;  it  tapers  from  the 
base  and  the  post-anal  portion  is  longer  by  one-half  than  the  pre-anal. 
There  are  about  11  pairs  of  lateral  spines  which  are  considerably 
smaller  than  the  apical  pair. 

Peduncle  of  antennule  with  last  segment  longer  and  much  more 
slender  than  the  second,  first  longer  than  second  and  third  together. 
Penultimate  segment  of  antenna  elongated. 

Third  maxilliped  not  expanded  distally;  its  length  along  the  inner 
edge  more  than  eight  times  its  width;  ischium  large,  longer  than 
merus  as  seen  from  below;  merus  expanded  externally  but  not 
broader  than  ischium. 
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The  first  pair  of  legs  have  the  basis  about  half  as  long  again  as  the 
distal  segments  together,  and  not  distinctly  spinous;  the  propodus 
is  a  Uttle  longer  than  the  carpus  and  about  equal  to  the  dactylus. 
In  the  legs  of  the  second  pair  the  carpus  is  only  a  Uttle  longer  than 
the  last  two  segments  together. 

The  legs  of  the  third  and  fourth  pairs  bear  each  a  vestigial  exopod 
of  two  segments. 

The  peduncle  of  the  uropods  has  a  row  of  small  spines  on  the  inner 
edge.  The  endopod  is  about  half  as  long  as  the  peduncle  and  slightly 
longer  than  the  exopod;  its  three  segments  well  defined,  the  first  much 
longer  than  the  other  two  together.     The  inner  edges  of  both  rami 


41  42  43  44 

FiaS.  41-44.— DiASTTUS  DALU,   IMIIATURE  TEMALE.      41,   CARAPACE   FROM  ABOVE;    42,  FIRST  LEO;  43, 
THIRD  leg;  44,  LAST  SOMITE,  TEL80N,  AND  UROPOD. 

bear  series  of  short  spines;  the  terminal  spines  are  broken  off  in  all 
the  full-grown  specimens  examined,  but  in  younger  specimens  they 
are  quite  short. 

Remarks, — ^Although  bearing  a  striking  general  resemblance  to 
D.  scorpioides,  this  species  is  at  once  distinguished  from  it  by  having 
only  four  in  place  of  five  oblique  ridges  on  the  carapace.  The 
presence  of  vestigial  exopods  on  the  third  and  fourth  legs,  while  they 
are  absent  in  the  closely  alhed  D.  scorpioideSj  shows  that  this  character 
can  no  longer  be  regarded  as  of  generic  value. 

It  seems  Ukely  that  this  species  or  the  next  is  that  referred  to  by 
Stuxberg  as  "en  vackert  rod-  och  gulfargad  Didstylis  (lik  Diast  scor- 
pioides)/'  taken  by  the  Vega  at  East  Cape.* 

1  Bihang  Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  5, 1880,  No.  22,  p.  29,  and  Vega  Exped.  Vetensk.  lakttag- 
elser,  vol.  1, 1882,  p.  715. 
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This  fine  species,  one  of  the  largest  of  the  Cumacea,  may  be  appro- 
priately associated  with  a  name  famous  in  the  history  of  the  scientific 
exploration  of  Alaska,  that  of  Dr.  W.  H.  Dall. 

Localities.— RQxmg  Stwt;  W.  H.  Dall,  1880;  U.S.N.M.  13379;  1 
female  (holotype). 

Off  Cape  Sabine;  13  fathoms;  W.  H.  Dall;  U.S.N.M.  44046;  5, 
female  and  young. 

Off  Cape  Sabme;  13  fathoms;  W.  H.  Dall,  August  24,  1880; 
U.S.N.M.  44044;  about  10,  female  and  young. 

Off  Point  Hope,  Alaska;  25  fathoms;  U.  S.  R.  S.  Corwin,  Capt. 
M.  A.  Healy,  1884;  U.S.N.M.  44049;  about  20,  female  and  young 
male. 

Albatross  station  2841 ;  lat.  54°  18'  00"N. ;  long.  166*"  55'  00"W. ;  56 
fathoms,  U.S.N.M.  44045;  1  immature  male. 

Ridge,  Captains  Harbor,  Alaska;  80  fathoms;  W.  H.  Dall,  1874; 
U.S.N.M.  13364;  1  immature  male. 

Alaska;  W.  H.  Dall;  1  immature  female. 

Albatross  station  5023;  off  Cape  Patience,  Sakhalin  Island;  75 
fathoms;  bottom  temperature  30.9°  F.;  U.S.N.M.  44048. 

DIASTTLIS  BmENTATA,  new  tpedes. 

AduU female  (with  empty  brood-pouch). — Total  length,  11.5  mm. 
•Resembling  D.  scorpioides  (Lepechin)  in  general  appearance;  sur- 
face of  carapace  smoother,  the  ridges  Yery  finely  crenulated.     There 


Fia.  45.— DiASTTUS  BIDENT1.TA,  IMH ATUBE  FEMALE,  FEOM  THE  SIDE. 

are  only  four  oblique  ridges  on  each  side  of  the  carapace;  the  first  is 
short  and  runs  forward  on  the  side  of  the  pseudorostrum;  the  others 
are  very  strong  and  run  from  the  dorsal  surface  to  the  lower  margin 
parallel  to  each  other;  just  at  the  lower  margin  the  fourth  ridge  curves 
forward  to  meet  the  third.  The  second  ridge  is  produced,  a  little 
way  from  its  lower  end,  into  a  strong  acute  tooth  directed  outward 
and  forward.  The  longitudinal  ridges  uniting  the  upper  ends  of  the 
three  posterior  oblique  ridges  on  the  dorsal  surface  are  distinct  but 
not  very  prominent  and  approach  each  other  anteriorly.  The  pseu- 
dorostrum is  much  as  in  jD.  scorpioides,  the  lateral  plates  meeting  for 
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FlO.  46w  — DlASTTUS 
BIDBNTATl.,  IMMA. 
TUBE  FEMALS,  AN- 
TERIOR PART  or 

BODY  FROM  ABOVE. 


a  distance  much  greater  than  the  length  of  the  ocular  lobe.  The 
ocular  lobe  is  slightly  broader  than  long  and  bears  a  few  small  denti- 
cles; just  behmd  it,  on  the  frontal  lobe,  are  two  short  transrem 
denticulated  ridges. 

The  pleural  plates  of  the  second  free  thoracic  somite  are  pointed 
anteriorly  and  almost  or  entirely  conceal  those  of  the  first  somite. 
The  dorsal  part  of  the  fourth  somite   is  strono^ 
produced  backwards  in  the  middle  line. 

The  telson  is  longer  by  about  one-half  than  the  last 
somite  and  longer  than  the  peduncles  of  the  uropods; 
it  is  slightly  expanded  at  the  base  and  then  contracts 
rapidly  to  a  narrow  distal  part;  the  post-anal  divisioa 
is  1^  times  as  long  as  the  pre-anal.  There  are  about 
10  pairs  of  lateral  spines  and  a  pair  of  somewhat 
larger  apical  spines. 

Peduncle  of  antennule  with  last  segment  slender, 
nearly  half  as  long  again  as  the  second,  first  shorter 
than  second  and  third  together.  Penultimate  seg- 
ment of  antenna  elongated. 

Third  maxiUiped  not  expanded  distally ;  its  length 
along  the  inner  edge  nearly  eight  times  its  greatest 
width;  merus  expanded  externally,  broader  than  ischium. 

The  first  pair  of  legs  have  the  basis  about  one-third  longer  than 
the  distal  segments  together,  with  some  small 
teeth  on  the  lower  surface  and  inner  edge;  the  last 
three  segments  are  subequal.  In  the  legs  of  the 
second  pair  the  carpus  is  only  a  Uttle  longer  than 
the  last  two  segments  together.  The  legs  of  the 
third  and  fourth  pairs  have  each  a  minute  exopod 
of  two  segments. 

The  peduncle  of  the  uropods  is  spinous  on  the 
inner  edge.  The  endopod  is  about  three-fourths 
as  long  as  the  peduncle  and  very  slightly  longer 
than  the  exopod;  its  tliree  segments  are  well 
defined,  the  first  only  a  Uttle  less  than  twice  as 
long  as  the  other  two  together.  The  inner  edges 
of  both  rami  are  spined.  The  terminal  spine  of 
the  endopod  is  short,  well  defined  at  the  base; 
the  exopod  has  two  apical  spines,  one  of  them  long  and  slender. 
AduUrrude. — Total  length,  12mm. 

Differing  from  the  female  in  the  usual  characters,  the  body  being 
more  slender  and  the  carapace  less  arched.  The  ridges  of  the  cara- 
pace are  strongly  marked  and  arranged  as  in  the  female,  but  the 
tooth  of  the  second  ridge  is  represented  only  by  a  slight  angulation 
of  the  ridge  not  projecting  from  the  surface,  and  the  transverse 


FlO.  47.— ntASTTLD  » 
DBKTATA,  DOfATOII 
FEMALE,  FXRSr  LEO. 
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FlQ.  48.— DiASTYUS 
BIDENTATA,  IM- 
MATURE FEMALE, 
THIRD  LEG. 


ridges  beliind  the  ocular  lobe  are  less  pronounced.     The  pseudoros- 
trum  is  longer  and  more  acute  than  in  the  male  of  D.  scorpioides. 
The  penultimate  thoracic  somite  is  produced  backward  dorsaUy  as  in 
the  female.    The  lateral  processes  of  the  last  thoracic 
somite  are  more  produced  than  in  the  female,  though 
still  blunt. 

There  is  a  stout  median  ventral  spine,  followed  by  a 
small  tubercle,  on  the  first  abdominal  somite,  and  two 
median  tubercles  on  the  second.  The  telson  is  about 
two  and  a  half  times  as  long  as  the  last  somite;  the 
distance  from  its  base  to  the  dorsal  protuberance  is 
less  than  half  that  from  the  protuberance  to  the  tip ; 
the  lateral  spines  are  longer  and  more  numerous  than 
in  the  female. 

The  antennal  flagellum  is  about  as  long  as  the  body. 
The  uropods,  as  usual,  are  much  longer  and  more 
slender  than  in  the  female,  though  the  peduncle  is 
shorter  than  the  telson,  and  have  very  numerous  ser- 
rate spines  on  the  inner  edges  of  peduncle  and  endopod. 

Young  males,  in  which  the  pleopods  are  not  furnished  with  natatory 
setae,  resemble  the  females  in  general  form  and  have  a  large  lateral 
spine  on  the  carapace. 

RemarJcs. — This  species  has  a  considerable  resemblance  to  D.  daUi, 
but  it  differs  conspicuously  in  the  large  lateral  teeth  of  the  carapace. 
There  is  a  certain  amount  of  variation  in  some 
characters.  A  number  of  specimens  from  Point 
Franklin  (No.  7928,  U.S.N.M.),  the  most  northerly 
locality  from  which  the  species  has  been  obtained, 
reach  a  much  greater  size  than  the  holotype, 
an  ovigerous  female  having  the  carapace  4.75  mm. 
in  length,  indicating  a  probable  total  body  length 
of  about  16.5  mm.  when  complete.  The  carapace 
is  more  inflated,  the  pseudorostrum  more  obtuse, 
the  ridges  on  the  carapace  less  prominent,  and  the 
tooth  of  the  second  ridge  much  more  blunt  than  in 
the  typical  form.  On  the  other  hand,  specimens 
from  Aliairo88  station  2841  (near  Unalaska)  of 
about  the  average  size,  with  the  ridges  of  the 
carapace  relatively  inconspicuous,  have  the  tooth 
very  large  and  more  acute  than  in  the  specimen 
figured. 

Localities. — Near  Point  Belcher,  Arctic  Ocean;  9  fathoms;  sand; 
W.  H.  Dall;  U.S.N.M.  13382. 

Ten  miles  west  of  Point  Franklin,  Alaska;  13 J  fathoms;  sand; 
Point  Barrow  Expedition,  August  31,  1883;  U.S.N.M.  7928;  10 
females  (very  lai^e). 
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Off  Cape  Sabine;  13  fathoms;  W.  H.  Dall,  August,  1880;  U.S.N.M, 
44033;  1  female. 

Albatross  station  3637;  lat.  57^  06'  30"  N.;  long.  170^  28'  00"  W.; 
32  fathoms;  bottom  temperature,  39''  F.;  U.S.N.M.  44041 ;  3  females. 

Albatro8SBteLtion3600;  lat.  55^  06'  00"  N.;  long.  163°  28'  00"  W.;  9 
fathoms;  bottom  temperature,  40"^  F.;  U.S.N.M.  44040;  about  15, 
male  and  female. 

Albatross  station  3548;  lat.  54°  44'  00"  N.;  long.  165°  42'  00"  W.; 
91  fathoms;  bottom  temperature,  39.5° F.;  U.S.N.M.  44039;  1  female. 

Albatross  station  2841;  lat.  54°  18'  00"  N.;  long.  165°  55'  00"  W.; 
56  fathoms;  bottom  temperature,  41°  F.;  U.S.N.M.  44036;  1  female. 

Nazan  Bay,  Atka  Island;  W.  H.  Dall;  U.S.N.M.  44043;  6  females. 

Bay  of  Islands,  Adak,  Alaska;  9-16  fathoms;  mud,  sand;  W.  H. 
Dall,  1873;  U.S.N.M.  13373;  1  male,  1  female. 


FlO.  50.— DIASTTLI3  BIDENTATA,  MALE,  rROM  THE  SIDE. 

Kiska  Harbor,  Aleutians;  10  fathoms;  W.  H.  Dall;  U.S.N.M. 
44151;  1  male. 

Kiska  Harbor;  14-9  fathoms;  sandy;  W.  H.  Dall,  July,  1873; 
U.S.N.M.  14276;  3  males. 

Kiska  Harbor;  9-12  fathoms;  sand,  mud;  W.  H.  Dall,  1873; 
U.S.N.M.  13369;  3  males. 

Kiska  Harbor;  14-9  fathoms;  sandy;  W.  H.  Dall,  July,  1873; 
U.S.N.M.  14272;  2  males,  5  females. 

Kiska  Harbor;  9-12  fathoms;  sandy  mud;  W.  H.  Dall;  U.S.N.M. 
14266,  44034,  44035;  many,  male  and  female  (including  holotype, 
14266). 

Baska  Harbor;  9-12  fathoms;  sandy  mud;  W.  H.  Dall;  U.S.N.M. 
44042;  2  females. 

Kiska  Harbor;  9-12  fathoms;  sandy  mud;  W.  H.  Dall,  1873; 
U.S.N.M.  13368;  4,  male  and  female. 

Kiska  Harbor;  6-8  fathoms;  sand;  W.  H.  Dall;  U.S.N.M.  14263 
about  10,  male  and  female. 

Albatross  station  2872;  lat.  48°  17'  00"  N.;  long.  124°  52'  00"  W.; 
38  fathoms;  bottom  temperature,  45.5°  F.;  U.S.N.M.  44038;  5  females, 
1  adult  male. 
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DIASTTUS  ALASKENSIS,  new  species. 


Ovigerous  female, — ^Total  length,  13.5  mm. 

Carapace  less  inflated  than  in  D.  scorpiaides,  its  greatest  height 
about  half  of  its  length,  narrowing  forwards  from  the  hind  mai^in  as 
seen  from  above;  with  six  transverse  ridges  more  or  less  completely 
encircling  it  and  with  the  hind  margin  strongly  everted.     Pseudo- 


FlO.  51.— DiASTTLIS  ALASKENSIS,  FEMALE,  FBOIC  THE  SIDE. 

rostrum  rather  long  and  acute,  the  lateral  plates  meeting  for  a  dis- 
tance equal  to  twice  the  length  of  the  ocular  lobe.  The  ocular  lobe 
is  a  little  longer  than  broad  and  its  anterior  end  forms  the  dorsal  part 
of  the  first  transverse  ridge. 

The  pleural  plates  of  the  second  free  thoracic  somite  are  rounded 
anteriorly  and  hardly  overlap  the  somite  in  front.  The  dorsal  part 
of  the  fourth  somite  is  not  conspicuously  produced 
backwards.  The  abdomen  (excluding  the  telson)  is 
a  little  shorter  than  the  cephalothoracic  region. 

The  telson  is  very  slightly  longer  than  the  last 
somite  and  reaches  to  about  the  distal  third  of  the 
uropod  peduncles.  It  narrows  slightly  from  the  base 
to  a  rather  sudden  constriction  about  the  middle  of 
its  length;  the  post-anal  division  is  about  three- 
fourths  as  long  as  the  pre-anal.  There  are  about  six 
pairs  of  lateral  spines  and  a  pair  of  somewhat  larger 
apical  spines  closely  approximated. 

Peduncle  of  antennule  with  last  segment  slender, 
longer  than  second,  first  much  shorter  than  the  other 
two  together.  Penultimate  segment  of  antenna  elon- 
gated. 

Third  maxilliped  with  basis  expanded  distally;  its 
length  along  the  inner  edge  about  four  and  one-half  times  its  greatest 
width,  menis  not  expanded  externally,  narrower  than  ischium. 

First  pair  of  legs  with  basis  about  as  long  as  the  distal  segments 
together,  without  conspicuous  teeth;  propodus  longer  than  either 
carpus  or  dactylus.     In  the  second  pair  the  carpus  is  longer  by  one- 


FlO.  62.— Dl  A  8 T  Y  L 1 8 
ALASKENSIS,  FE- 
MALE, ANTERIOR 
PAST  OF  BODY  FROM 
ABOVE. 
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half  than  the  last  two  segments  together.     The  legs  of  the  third  aJid 
fourth  pairs  have  each  a  minute  exopod  of  two  segments. 

The  peduncle  of  the  uropods  is  spinous  on  the  inner  edge.  The 
exopod  is  a  Uttle  less  than  half  as  long  as  the  peduncle  and  veiy 
sUghtly  longer  than  the  endopod;  the  three  segments  of  the  latter 
are  well  defined,  the  first  equal  to  or  shorter  than  the  other  two 
together;  the  inner  edge  of  the  endopod  is  spined,  and  the  short,  stout 
apical  spine  is  well  defined  at  the  base. 

Adult  male. — ^Total  length,  10.6  mm. 

Sculpture  of  carapace  resembling  that  of  female,  but  with  only  five 
conspicuous  transverse  ridges,  that  corresponding  to  the  hindmost 
ridge  of  the  female  being  barely  traceable;  in  addition,  a  horizontal 
ridge  on  each  side  runs  forward  from  the  hind  margin 
to  the  last  transverse  ridge  a  Uttle  way  above  the  lower 
edge  of  the  carapace.  The  pleural  plates  of  the  third 
free  thoracic  somite  overlap  those  of  the  somite  in  front; 
the  lateral  processes  of  the  last  thoracic  somite  are  short 


53  64  65  56 

FI08.  53-56.— DIA8TTUS  ALASKSNSIS,  FEMiXB.     53,  THIKD  M AZILLIPXD;    54,    TSESt  LSO;  55,  THIBD  LSO; 
56,  LAST  SOMITE,  TBLSON,  AND  UBOPOD. 

and  blunt.  The  first  two  abdominal  somites  have  each  a  small  median 
ventral  spine.  The  telson  is  about  one  and  a  half  times  as  long  as 
the  last  somite;  the  dorsal  protuberance  is  at  about  the  middle  of  its 
length.     The  antennal  flagellum  is  about  as  long  as  the  body. 

Remarks. — This  species  is  evidently  allied  to  the  two  preceding,  but 
it  differs  from  them  in  the  greater  number  of  ridges  on  the  carapace, 
which  give  it  an  annulated  appearance.  With  the  possible  exception 
of  D.  hidentata  it  would  seem  to  be  the  most  abundant  Cumacean  in 
Alaskan  waters. 

Localities.— L2it.  63°  37'  00"  N.;  long.  165°  19'  00''  W. ;  12  fathoms; 
G.  M.  Stoney,  June,  1884;  U.S.N.M.  44019;  1  male. 

Albatross  station  3600;  Bering  Sea;  lat.  55°  06'  00"  N.;  long.  163® 
28'00"W.;  9  fathoms;  bottom  temperature,  40°  F. ;  U.S.N.M.  44020, 
44021;  many,  male  and  female  (including  holotype,  44020). 
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Port  Levashef,  Unalaska;  20-30  fathoms;  W.  H.  Dall;  U.S.N.M. 
44026;  1  female. 

Eider  village  anchorage,  Captains  Bay,  Unalaska;  W.  H.  Dall, 
1873;  U.S.N.M.  13372;  8,  male  and  female. 

Ridge,  Port  Levashef,  Unalaska;  W.  H.  Dall,  1880;  U.S.N.M. 
13365;  about  12  females. 

Off  Round  Island,  Coal  Harbor,  Unga;  8-9  fathoms;  sand,  stones; 
W.  G.  HaU;  DaU's  coUection;  U.S.N.M.  44024;  1  female. 

Coal  Harbor,  Unga  Island,  Alaska;  8-9  fathoms;  sand,  stones; 
W.  G.  Hall,  1872;  Dall's  collection;  U.S.N.M.  13371;  2  females. 

Popof  Strait,  Alaska,  near  reef;  5-7  fathoms;  sand;  W.  H.  Dall, 
1872;  U.S.N.M.  13370;  1  male,  2  females. 

Chignik  Bay;  7-18  fathoms;  sand;  W.  H.  Dall;  U.S.N.M.  44027; 
8  females. 

Chiniak  Bay,  Kodiak,  Alaska;  W.  H.  DaU,  July,  1880;  U.S.N.M. 
13378;  5,  female  and  young  male. 

Shahafka  Cove,  Kodiak,  Alaska;  12-14  fathoms;  mud,  sand;  W. 
H.  DaU;  U.S.N.M.  14277;  1  female. 


Fia.  57.— DiASTTLIS  ALASKENSia,  MALE,  FROM  THE  SIDE. 

Shahafka  Cove,  Kodiak,  Alaska;  12-14  fathoms;  W.  H.  Dall, 
July,  1880;  U.S.N.M.  13377;  about  25,  male  and  female. 

Old  Harbor,  Kodiak;  Albatross,  August  11,  1888;  U.S.N.M.  44023; 
2  females. 

Albatross  station  4272;  Afognak  Island;  17-12  fathoms;  bottom 
temperature,  54°  F.;  U.S.N.M.  44022;  3  females. 

Chugachik  Bay,  Cooks  Inlet,  Alaska;  20-60  fathoms;  sandy  mud; 
W.  H.  Dall,  June,  1880;  U.S.N.M.  13376;  4  females. 

Chiachi  Islands,  Alaska;  20  fathoms;  mud;  W.  H.  Dall,  1874; 
U.S.N.M.  13374;  1  female. 

Chiachi  Islands;  20  fathoms;  mud;  W.  H.  Dall;  U.S.N.M.  44025; 
1  female. 

DIASTYUS  PLAinPRONS,  new  tpacles. 

Ovigerous  female. — ^Total  length,  14  mm. 

Carapace  inflated,  its  greatest  height  nearly  two-thirds  and  its 
greatest  width  three-fourths  of  its  length.  A  prominent,  very 
oblique  ridge  on  each  side  dies  away  on  the  side  of  the  pseudorostrum ; 
at  about  one-third  of  its  length  from  the  front  it  is  joined  by  a  curved 
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ridge  running  up  from  the  lower  edge  of  the  carapace,  and  the  point 
of  junction  forms  a  prominent  blunt  tooth.  Posteriorly,  at  about 
one-third  of  the  length  of  the  carapace  from  its  hind  margin,  the 
oblique  ridges  meet  a  pair  of  convergent  longitudinal  ridges  separated 
by  a  depression  of  the  dorsal  surface^.  The  dorsal  area  enclosed  by  the 
oblique  ridges  is  flattened,  with  a  blunt  median  ridge,  interrupted  by 


Fro.  68.— DLJL8TTU8  PLANmONS,  FEMALE,  FBOM  THE  STOE. 

two  transverse  grooves  just  behind  the  ocular  lobe.  The  pseudo- 
rostrum  is  horizontal  and  pointed,  the  lateral  plates  meeting  in  front 
of  the  ocular  lobe  for  more  than  twice  the  length  of  the  latter.  The 
antero-lateral  angle  is  blunt.  The  ocular  lobe  is  at  least  os  broad  as 
long  and  bears  three  well-marked  corneal  areas. 

The  pleural  plates  of  the  second  free  thoracic  somite  are  rounded  and 
rather  small.  The  postero-lateral  angles  of  the  fifth  somite  are  acute 
but  very  Uttle  produced.  The  abdomen  (excluding 
the  telson)  is  nearly 
equal  in  length  to  the 
cephalothoracic  re- 
gion. The  telson  is 
longer  by  about  one- 
tliird  than  the  last  so- 
mite and  about  two- 
thirds  as  long  as  the 
peduncles  of  the  uro- 
pods;  it  is  subcylin- 
drical  for  about  a 
third  of  its  length 
from  the  base  and 
then  narrows  to  the 
slender  post-anal 
part,  which,  measured  to  the  apex  of  the  anal  valves,  occupies  rather 
more  than  one-third  of  its  length.  There  are  5  pairs  of  rather  long 
lateral  spines. 

Third  maxilliped  with  basis  expanded  distally,  its  length  along  the 
inner  edge  about  four  times  its  greatest  width,  its  distal  outer  angle 


FlO.  59.— DIA8TTU8  PLAN- 
IFBONS,  FEMALE,  ANTE- 
RIOR PART  OF  BODY 
FROM  ABOVE. 


Fro.  60.— Dlasttus  plamifrons,  female, 

THIRD  MAXILLIPED. 
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produced  as  a  narrow  rounded  lobe,  ischium  produced  externally  into 
a  curved  tooth,  wider  than  merus. 

The  first  legs  are  imperfect  in  both  the  specimens  examined  but  the 
basis  appears  to  have  been  distinctly  longer  than  the  distal  segments 
together  and  the  carpus  is  more  than  one-third  longer 
than  the  propodus. 

In  the  second  pair  of  legs  the  carpus  is  nearly  twice 
as  long  as  the  last  two  segments  together. 

In  the  third  and  fourth  pairs  a  minute  exopod  of 
two  segments  is  present. 

The  peduncle  of  the  uropods  has  a  row  of  rather 
slender  spines  on  the  inner  edge;  the  exopod  is  half  as 
long  as  the  peduncle  and  the  endopod  a  little  shorter. 

Remarks. — This  species  bears  a  somewhat  vague  re- 
semblance in  the  sculpturing  of  the  carapace  to  the 
form  which  Zimmer  has  figured  under  the  name  of 
Leptastylis  manca  G.  O.  Sars/  but  it  differs  too  widely 
in  the  shortness  of  the  first  legs  and  in  many  other 
characters  to  be  identified  with  that  species.  The  out- 
line of  the  carapace  as  seen  from  above  has  a  certain 
similarity  to  that  of  D.  bidentata. 

Localities. — Albatross  station  2771;  east  coast  of 
South  America;  lat.  61^  34'  00"  S.;  long.  68^  00'  00'' 
W.;  50  fathoms;  bottom  temperature  49.4®  F.; 
U.S.N.M.  44055;  1  female  (holotype). 

Albatross  station  2778;  Straits  of  Magellan;  lat.  53*"  01'  00"  S.; 
long.  70°  42'  15"  W.;  61  fathoms;  bottom  temperature  47.9®  F.; 
U.S.N.M.  44054;  1  female. 


FIO.  61.~I>IA8TTLIB 
FLANIFBONS,  FE- 
MALE, UL8T  80- 
MITB,  TBI.80N, 
AND  UBOFOD. 


DIASTTUS  NUCBLLA,  i 


Ovigerous  female. — Total  length,  9.5  mm 

Cephalothoracic  region  much  inflated,   almost  globose.    Height 
and  width  of  carapace  subequal  and  about  seven-eighths  of  its  length. 


Fia.  63.^DlA8TTLIB  NVCBLLA,  FBICALE,  FBOM  TSB  STDB. 

The  surface  is  rough  with  minute  granules  and  there  are  on  the  dorsal 
side  three  pairs  of  longitudinal^  finely  serrate  ridges,  or,  rather,  rows 


1  Hamb.  Magalh.  Sammelreise,  Cumaoeen,  p.  8,  figs.  11-14. 
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of  minute  square-cut  teeth.  The  pseudorostrum  is  short,  horizontal, 
and  deeply  grooved  on  the  dorsal  surface.  There  is  no  ocular  lobe. 
The  anterior  part  of  the  lower  edge  of  the  carapace  is  serrated,  witli 
square-cut  teeth. 

The  surface  of  the  free  thoracic  end  of  the  abdominal  somites  is 
finely  roughened.  The  pleural  plates  of  the  second  free  somite  are 
rounded  anteriorly  and  hardly  overlap  the  somite  in  front. 

The  abdomen,  excluding  the  telson,  is  about  as  long  as  the  cepha- 
lothoracic  region. 

The  telson  is  about  as  long  as  the  last  somite  and  reaches  to  about 
the  middle  of  the  uropod  peduncles ;  the  basal  part  is  slightly  expanded ; 
the  post-anal  part  is  about  equal  in  length  to  the  pro-anal;  there  aie 
generally  two  pairs  of  lateral  spines  (sometimes  two  spmes  on  one  side 
and  one  or  three  on  the  other)  and  a  pair  of  larger  apical 
spines. 

The  peduncle  of  the  antennule  has  the  last  segment 
longer  than  either  the 
first  or  second.  Pen- 
ultimate segment  of 
antenna  not  elon- 
gated. 

Third  maxilliped 
with  basis  not  ex- 
panded or  produced 
distally.  Ischium  and 
merus  of  about  equal 
width,  the  latter  with 
(?)  two  teeth  exter- 
nally. 

First  legs  with  basis 
bent  nearly  to  a  right  angle  about  the  middle  of  its  length;  its  length 
along  the  inner  edge  a  little  less  than  that  of  the  distal  segments 
together.  Basis  of  second  legs  somewhat  expanded  internally,  carpus 
about  as  long  as  the  last  two  segments  together.  Posterior  legs  rather 
short  and  stout,  third  and  fourth  pairs  without  exopods. 

The  peduncle  of  the  uropods  has  about  ten  spines  on  its  inner  edge. 
The  exopod  i&  less  than  half  as  long  as  the  peduncle  and  longer  than 
the  endopod;  the  three  segments  of  the  latter  are  well  defined,  the 
proximal  twice  as  long  as  either  the  second  or  third.  Proximal  seg- 
ment of  the  exopod  nearly  one-half  as  long  as  the  distal.  ; 

Remarks. — ^This  pretty  species  is  unlike  any  other  known  to  me  in 
the  shape  and  ornamentation  of  its  carapace,  and  it  is  not  easy  to 
suggest  in  what  direction  its  unmediate  allies  are  to  be  sought. 

Locality. — Cape  Smyth,  Alaska;  2^  fathoms;  Point  Barrow  Exped., 
August,  1883;  U.S.N.M.  7937,  44053;  10  females,  including  holotype 
(7937). 


63  64 

Fias.  63-65.— DlASTTUS  NUCBLUL,  rSMALE.  63,  ANTEBIOB  PAST  CXT 
BODY  VBOM  ABOVX;  64,  flBST  LEO;  65,  LAST  SOIOTB,  TBL80H,  AXD 
UBOPOD. 
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DIASTTUS  ASPRRA,  nev  apedes. 

Ovigerous  fermle. — ^Total  length,  12.2  mm. 

Carapace  inflated;  less  than  one-third  of  total  length,  its  height  a 
little  more  than  tWb-thirds  and  its  width  five-sixths  of  its  length.  A 
very  oblique  (nearly  horizontal)  ridge  on  each  side  runs  on  to  the  side 
of  the  pseudorostrum;  a  little  way  behind  the  ocular  lobe  it  is  joined 
by  a  curved  ridge  running  up  from  the  lower  edge  of  the  carapace. 
The  latter  ridge  also  receives  the  lower  end  of  an  oblique  ridge 


The  antero- 


FlQ.  66.— DlASTYUS  ASPEBA,  VEMALE,  FROM  THE  SIDE. 

forming  an  angle  with  the  first  and,  Uke  a  much  fainter  parallel  ridge 
just  behind  it,  passing  at  its  upper  end  into  a  prominent  dorsal  longi- 
tudinal ridge,  which,  with  its  fellow,  bounds  the  deeply  hollowed  car- 
diac region.  There  are  several  other  minor  ridges  on  the  surface  of 
the  carapace,  the  most  conspicuous  being  two  transverse  folds  crossing 
the  frontal  lobe  behind  the  slightly  prominent  ocular  lobe.  The  whole 
surface  is  rough  with  small  spinif orm  points  becoming  larger  anteriorly 
and  arranged  in  rows  along  the  more  prominent  ridges.  The  pseudo- 
rostrum  is  of  moderate  length,  horizontal,  and  acute, 
lateral  angle  is  hardly  indicated.  The  ocular  lobe  is 
broader  than  long  and  its  corneal  areas  are  obscure. 

The  pleural  expansions  of  the  second  free  thoracic 
somite  are  small  and  rounded  anteriorly.  The  dorsal 
surface  of  all  the  somites  is  smooth,  but  the  anterior 
margins  of  first,  second,  and  fifth  are  finely  serrate. 
The  postero-lateral  angles  of  the  fifth  somite  are 
rounded. 

The  length  of  the  abdomen,  including  the  telson,  is 
slightly  greater  than  that  of  the  cephalothoracic 
region.  The  first  somite  has  a  pair  of  small  dorso- 
lateral teeth;  the  posterior  somites  have  a  group  of  granules  and  some 
shallow  depressions  on  each  side,  and  the  penultimate  has  also  a  pair 
of  small  postero-lateral  teeth. 

The  telson  is  about  twice  as  long  as  the  last  somite,  cylindrical  at 
the  base,  with  the  narrow  post-anal  part  occupying  about  half  of 
its  length.  There  appear  to  have  been  about  nine  pairs  of  lateral 
spinules. 


FlO.  67.— D I A  S T  YLIS 
ASPBBA,  FEMALE, 
GABAPACB  FBOK 
ABOVE. 
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The  anteimules  have  the  last  segment  of  the  peduncle  more  slender 
and  a  little  longer  than  the  preceding. 

The  third  maxillipeds  have  the  basis  of  nearly  the  same  width 
throughout,  about  one-seventh  of  its  length  along  the  inner  edge,  its 
distal  outer  comer  not  produced;  the  merus  is  only 
a  little  narrower  than  the  ischium  and  has  a  small 
tooth  internally. 

The  first  legs  have  the  basal  segment  slightly  shorter 
than  the  distal  segments  together  and  carrying  a  row 
of  teeth  on  its  lower  (or  outer)  surface.  The  carpus 
is  a  little  shorter  than  the  propodus  and  longer  than 
the  dactylus. 

In  the  second  pair  of  legs  the  carpus  is  about  as  long 
as  the  last  two  segments  together. 

The  third  and  fourth  pairs  of  legs  are  without 
exopods. 
^  The  peduncle  of  the  uropods  is  about  as  long  as  the 

FI0.6S.-DIA3TTLIS    telson  and  has  a  row  of  rather  slender  spines  on  its 
raiiD  MAmupBD     "^®r  edge.    The  rami  are  wanting  in  the  single 
specimen  examined. 
Male. — ^A  young  male  specimen  about  9  mm.  in  length  differs  from 
the  female  described  above  in  having  a  longer  pseudorostrum,  the 
ridges  on  the  side  of  the  carapace  much  less  distinct  (those  on  the 
dorsal  surface  are  well  developed)  and  the  pedimcle  of  the  uropods 
shorter  than  the  telson. 

Remarks. — ^From  other  species  of  Diastylis  that  have  the  surface  of 
the  carapace  spinulose,  this  species  appears  to  be  dis- 
tinguished by  the  arrangement  of  the  ridges  on  the 
carapace  and  by  the  shortness  of  the  abdomen. 

Locality. — Shahafka  Cove,  Kodiak,  Alaska;  W.  H.  Dall, 
July,  1880;  U.S.N.M.  44031,  44032;  1  male*,  1  female, 
holotype  (44032). 

A  female  specimen,  which,  though  considerably  larger 
(15.6  mm.  total  length)  than  that  described  above,  has 
only  small  rudiments  of  oostegites  visible,  may  provi-    fio.  «.-diisit- 


sionally  be  referred  to  the  same  species.     It  differs  from      "^  ^ 
the   female  specimen  described   above  in  the  flatter 
dorsal  surface  of  the  anterior  part  of  the  carapace  and  in  some  details 
of  the  sculpturing;  also  in  having  the  body  beset  with  long  feathered 
hairs,  which,  on  the  carapace,  are  arranged  in  rows  along  the  more 
prominent  ridges. 

Locality. — Albatross  station  5023;  Okhotsk  Sea,  off  eastern  coast 
SakhaUn  Island,  vicinity  of  Cape  Patience;  75  fathoms j  bottom  tem- 
perature, 30.9"^;  U.S.N.M.  44030;  1  female. 
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DIASTTLIS  AROBNTATA,  nev  spades. 


Ovigerous  female, — ^Total  length,  7.7  mm.  (Females,  apparently 
adult,  varied  from  about  7.5  to  about  9.5  mm.  in  length.) 

Carapace  less  than  one-third  of  total  length,  its  height  two-thirds 
and  its  breadth  more  than  three-fourths  of  its  length;  seen  from 


FlO.  70.~DlA8TTLIS  ABOENTATA,  PEMALB,  FROM  THB  SIDB. 

the  side,  its  dorsal  outline  is  moderately  arched,  with  a  distinct 
notch  at  the  base  of  the  pseudorostrum,  which  is  horizontal  and 
acute.  The  surface  of  the  carapace  is  rather  coarsely  pitted;  there 
are  a  few  denticles  on  the  dorsal  side  of  the  base  of  the  pseudorostrum 
and  a  curved  lateral  line  of  denticles  runs  backwards 
for  a  Uttle  way  on  each  side  from  the  pseudorostrum. 
Just  above  the  lower  edge  of  the  carapace  at  about 
one-third  of  its  length  from  the  front  is  a  small  pro- 
curved  tooth.  A  rounded  tubercle  from  which  a 
shght  ridge  runs  forward  marks  the  posterior  end  of 
each  branch  of  the  frontal  fissure,  and  just  internal 
to  it  is  a  deep  pit.  The  ocular  lobe  is  small,  with- 
out distinct  ocular  elements- 
There  is  no  antenna!  notch  and 
the  anterior  part  of  the  lower 
margin  of  the  carapace  is 
rather  coarsely  serrated. 

The  surface  of  the  body,  and 
especially  of  the  carapace,  has 
a  silvery  nacreous  luster. 

The  pleural  plates  of  the  second  and  third 
free  thoracic  somites  are  rather  coarsely  serrate 
anteriorly.  There  are  a  few  minute  denticles 
on  the  dorsal  surface  of  the  last  three  thoracic 
somites,  and  the  hinder  edge  of  the  fourth 
somite  is  crenated.  The  postero-lateral  lobes 
of  the  fifth  somite  are  rounded,  as  seen  from  above,  and  each  tipped 
with  a  small  denticle. 

•    The  abdomen  (excluding  the  telson)  is  a  little  shorter  than  the 
cephalothoracic  region;  the  first  somite  has  a  pair  of  dorso-lateral 


Fig.  71.— DiASTYLis 

ABOENTATA,  FE- 
MALE, ANTEBIOE 
PART  or  BODY  FBOK 
ABOVE. 


FlO.  72.— DiASTTUS  ABOENTATA, 
FEMALE,  FIBST  LEO. 


Digitized  by 


Google 


650  PROCEEDINGS  OP  THE  NATIONAL  MUSEUM.  r^it 

denticles  on  its  posterior  margin,  and  the  fifth  somite  has  also  a  few 
denticles  posteriorly. 

The  telson  is  about  twice  as  long  as  the  last  somite,  its  sides  about 
parallel  for  half  its  length,  then  convei^ing  gradually.    There  aw 
about  six  pairs  of  lateral  spines,  the  distal  ones  at 
least  as  large  as  the  terminal  pair. 

In  the  pedimcle  of  the  antennules  the  second  seg- 
ment is  not  more  than  half  the  diameter  of  the  first, 
and  the  third  is  still  more  slender ;  the  third  is  shorter 
than  the  first  and  about  half  as  long  again  as  the 
second.  None  of  the  segments  of  the  antennie  are 
elongated. 

The  basis  of  the  third  majdllipeds  is  not  expanded 
^^!»^^^^!^-    ^r  produced  distally,  and  the  ischium  and  merus  are 
MALE,  SECOND    naTrow. 

^^'  The  basis  of  the  first  legs  is  slender  and  has  a  row 

of  strong  curved  teeth  on  the  distal  part  of  its  outer  edge;  it  is  a 
httle  shorter  than  the  distal  segments  together.  The  dactylus  is 
about  three-fourths  as  long  as  the  propodus  and  a  little  shorter  than 
the  carpus. 

In  the  second  legs  the  basis  has  a  row  of  strong  spiniform  teeth 
along  its  outer  mai^in;  the  ischium  has  a  curved 
spiniform  tooth  on  its  inner  edge;  the  carpus  is 
longer  by  one-fourth  than  the  distal  segments 
together. 

The  posterior  pairs  of  legs  have  the  basis  ser- 
rated on  the  outer  side.  There  are  no  exopods 
on  the  third  and  fourth  pairs. 

The  peduncle  of  the  uropods  is  not  quite  two 
and  a  half  times  as  long  as  the  last  somite;  the 
exopod  is  about  two-thirds  as  long  as  the  pe- 
duncle and  extends  beyond  the  terminal  spine  of 
the  endopod;  the  endopod  has  only  one  articula-  fmi.  74.— i>iASfYus  a»»«* 
tion,  about  the  middle  of  its  length,  the  second  »^»^  fkmale,  un^ 
and  third  segments  being  completely  coalesced, 
and  its  short  stout  terminal  spine  is  not  defined  at  its  base.  The 
peduncle  bears  spines  on  the  distal  part  of  its  inner  edge,  and  the 
endopod  has  about  seven  spines  intemaUy. 
Adult  male. — ^Total  length,  9.2  mm. 

Height  of  carapace  less  than  half,  its  breadth  about  two-thirds,  of 
its  length;  seen  from  the  side  its  dorsal  outline  is  slightly  arched,  with 
a  distinct  notch  at  the  base  of  the  pseudorostrum.  There  are  a  kf 
denticles  above  on  the  pseudorostrum  and  frontal  lobe  and  an  obliq^]^ 
line  running  backwards  on  the  side  of  the  pseudorostrum.   Tb^ 
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usual  serrated  lateral  keel  or  line  of  denticles  is  present  and  ends 
anteriorly  in  a  strong  curved  tooth  close  to  the  antero-lateral  margin. 
A  number  of  other  minute  denticles  are  scattered  over  the  surface  of 
the  carapace,  and  some  are  more  or  less  distinctly  arranged  in  longi- 
tudinal rows.  The  pleural  plates  of  the  free  thoracic  somites  are 
margined  with  denticles;  the  dorsal  surface  is  flattened,  and  on  the 
last  three  somites  the  dorso-lateral  comer  is  occupied  by  a  group  of 
denticles,  not  in  a  single  row.  The  postero-lateral  angles  of  the  last 
somite  are  bifid.  The  abdominal  somites  carry  a  few  denticles,  of 
which  the  most  conspicuous  in  side  view  are  a  dorso-lateral  pair  on 
each  of  the  first  two  somites  and  on  the  fifth  somite ;  the  ventro-lateral 
edges  are  serrated  in  the  fourth  somite.  The  telson  is  about  twice 
as  long  as  the  last  somite;  it  has  about  ten  pairs  of  slender  lateral 
spines  and  a  stronger  apical  pair. 

The  antennular  peduncle  is  dilated  distally,  with  a  terminal  brush 
of  setas. 

The  exopod  of  the  uropods  is  two-thirds  as  long  as  the  peduncle; 
the  proximal  segment  of  the  endopod   is  much  longer  than  the 


FlO.  76.~I>IASTYUS  ABQENTilTA,  MALE,  TROM  THE  SIDE. 

distal;  the  spines  on  the  inner  edge  of  the  endopod  are  long  and 
feathered. 

Remarks, — ^The  male  specimen  described  above  resembles  so 
closely  D.  jmbriata  described  by  Sars  from  the  South  Atlantic  (off 
Cape  Frio)  that  I  was  at  first  disposed  to  identify  it  with  that  species. 
Since  it  differs,  however,  in  possessing  an  antero-lateral  tooth  on  the 
carapace  and  a  row  of  spinules  on  the  side  of  the  pseudorostrum, 
as  well  as  a  bifid  postero-lateral  tooth  on  the  last  thoracic  somite 
and  a  larger  number  of  lateral  spinules  on  the  telson,  it  seems 
best,  for  the  present,  to  record  the  Chilian  examples  under  a  new 
name. 

Locality.— Albatross  station  2787;  off  Chile;  lat.  46^  47'  30"  S.; 
long.  76''  15'  00''  W.;  61  fathoms;  bottom  temperature,  53.9°  F.; 
U.S.N.M.  44028,  44029;  many,  male  and  female  (including  holotype, 
44029). 
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DIASTTLIS  RATHKn  (Kxtfyer). 

Cuma  rathkii  Er0yer,  Naturh.  Tidaskr.,  vol.  3, 1841,  p.  513,  pla.  5,  6,  figs.  17-30. 

Diastylis  rathkii  S.  I.  Smith,  Trans.  Conn.  Acad.,  vol.  5,  1879,  p.  107  (with  synon- 
ymy).—G.  O.  Sars,  Crust.  Norway,  vol.  3,  1900,  pp.  44  and  107,  pis.  33. 34, 
70-72. — ^Zdcmer,  Die  arktischen  Cmnaceen,  in  Rtfmer  u.  Schaudinn,  Fauna 
Arctica,  vol.  1,  Lief.  3,  1900,  p.  423. 

Diastylis  rcUhkiiy  var.  Mubdoch,  Rep.  Int.  Polar  Exp.  Pt.  Barrow,  Alaska,  1885, 
p.  142. 

Diastylis  rathkii^  var.  glabra  Zimmer,  Die  arktischen  Gumaceen,  in  Romer  u. 
Schaudinn,  Fauna  Arctica,  vol.  1,  Lief.  3, 1900,  p.  424. 

Diastylis  rathkiiy  var.  sarsi  Norman,  Ann.  Mag.  Nat.  Hist.,  ser.  7,  vol.  10, 1902, 
p.  478. 

A  lengthy,  though  not  exhaustive,  list  of  references  to  literature 
is  given  by  Ziminer.* 

The  specimens  which  I  refer  to  this  species  show  a  considerable 
range  of  variation,  especially  as  regards  the  spinulation  of  the  cara- 
pace, but  there  is  no  evident  discontinuity  to  justify  the  separation 
of  named  varieties.  It  would  be  possible  to  select  a  series  of  speci- 
mens leading  by  small  gradations  from  the  perfectly  smooth  forms 
(var.  glabra  Zimmer)  to  some  that  are  even  more  spinous  than  that 
figured  by  Sars*  and  named  var.  sarsi  by  Norman.  Spiny  and 
smooth  individuals  sometimes  occur  in  the  same  gathering,  and  it  is 
perhaps  worthy  of  note  that  immature  males  generally,  perhaps 
always,  have  the  dorsal  spinules  conspicuously  developed  even  when 
they  accompany  females  of  the  smooth  type.  As  only  a  very  small 
number  of  adult  males  are  in  the  collection  I  am  not  able  to  say 
whether  noteworthy  variations  occur  in  this  sex.  The  specimens 
examined  do  not  differ  perceptibly  from  that  described  by  Sars  and 
attributed  to  the  var.  sarsi  of  Norman. 

This  species  has  not  hitherto  been  recorded  from  the  North  Pacific^ 
although  Stuxberg  traced  it  along  the  northern  coasts  of  Asia  as  far 
as  the  East  Cape,  and  Murdoch  has  recorded  specimens  of  the  smooth 
type  from  Point  Franklin  on  the  east  side  of  Bering  Strait.  The 
present  collection  contains  specimens  from  various  localities  on  the 
coast  of  Alaska  and  the  Aleutian  Islands  and  as  far  south  as  Sitka. 
On  the  Atlantic  coast  of  North  America  the  species  does  not  appear 
to  have  been  recorded  south  of  Halifax,  Nova  Scotia.  The  list  of 
localities  given  below  carries  it  as  far  south  as  latitude  41®  11'  N.  at 
a  depth  of  499  fathoms.  The  species  is  known  from  a  depth  of  649 
fathoms  (Norwegian  North  Atlantic  Expedition). 

Localities, — Godhavn,  Greenland;  Ensign  C.  S.  McClain,  June, 
1884;  U.S.N.M.  13774;  1  female. 

Off  Battle  Harbor,  Labrador;  50  fathoms;  Owen  Biyant,  Sep- 
tember, 1908;  U.S.N.M.  44086;  1  female. 

>  Fauna  Aretica,  vol.  1,  p.  424.  >  Cnut.  Norwaj,  toI.  3,  pis.  70-72. 
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Nain, Labrador;  7  fathoms;  OwenBryant,  August,  1908;  U.S.N.M. 
44084;  2  females. 

Port  Man  vers,  Labrador;  30  fathoms;  OwenBryant,  August,  1908; 
U.S.N.M.  44085;  1  male. 

Halfway  from  Cape  Mugford  to  Hebron,  Labrador;  60  fathoms; 
Owen  Bryant,  August,  1908;  U.S.N.M.  44087;   1  female. 

Labrador;  Owen  Bryant,  1908;  U.S.N.M.  44083;  1  female. 

U.  S.  F.  C.  station  101  (1877);  off  Halifax,  Nova  Scotia;  42 
fathoms;  U.S.N Jkl.  37834;  2  females. 

Albatross  station  2468;  lat.  46"*  48'  30"  N.;  long.  52°  34'  00" 
W.;  89  fathoms;  bottom  temperature,  29.5"*  F.;  U.S.N.M.  38209; 
1  female.  • 

Albatross  station  2466;  lat.  45°  29'  00"  N.;  long.  55°  24'  00"  W.;  67 
fathoms;  bottom  temperature,  30°  F.;  U.S.N.M.  44074;  1  female. 

Albatross  station  2497;  lat.  45°  04'  00"  N.;  long.  59°  36'  45"  W.;  57 
fathoms;  bottom  temperature  33°  F.;  U.S.N.M.  10504,  10910, 
35053,  38261;   many,  male  and  female. 

Albatross  station  2078;  lat.  41°  11'  30"  N.;  long.  66°  12'  20"  W.; 
499  fathoms;  bottom  temperature,  40°  F.;  U.S.N.M.  36918;  2  females. 

Near  Point  Belcher,  Alaska;  9  fathoms;  W.  H.  Dall;  U.S.N.M. 
44076;  1  male  and  1  female. 

Cape  Lisbume,  Alaska,  5-7  fathoms;  W.  H.  Dall,  1880;  U.S.N.M. 
13380;  2  males. 

Between  Icy  Cape  and  Cape  Lisbume,  Alaska;  15-20  fathoms; 
W.  H.  Dall;  U.S.NJ^I.  14285;  6,  male  and  female. 

Between  Icy  Cape  and  Cape  lisbume,  Alaska;  10-15  fathoms; 
W.  H.  Dall;  U.S.N.M.  14286;  8,  male  and  female. 

Lat.  70°  15'  10"  N.;  long.  162°  55'  00"  W.;  16  fathoms;  U.  S.  R.S. 
Corwiuy  Capt.  M.  A.  Healy,  August,  1884;  U.S.N.M.  14235;  a  large 
quantity,  male  and  female  (some  adult  males). 

Off  Cape  Sabine;  13  fathoms;  W.  H.  Dall;  U.S.N.M.  13381;  1 
female. 

'    Lat.  63°  37'  N. ;  long.  166°  19'  W. ;  12  fathoms;  lieut.  G.  M.  Stoney, 
U.  S.  Navy,  1884;  U.S.N.M.  13642;  11,  male  and  female. 

Cape  Etolin,  Nunivak  Island;  W.  H.  Dall,  1874;  U.S.N.M.  13375; 
1  female. 

Nazan  Bay,  Atka  Island;  10-16  fathoms;  W.  H.  Dall,  1873; 
U.S.N.M.  13366, 13367;  many,  male  and  female  (some  adult  males). 

Kiska Harbor,  Aleutian  Islands;  10  fathoms;  W.H.Dall;  U.S.N.M. 
14273;  1  female. 

Chichagof  Harbor,  Attu  Island;  6-7  fathoms;  W.  H.  Dall; 
U.S.N.M.  44078;  17  females  and  1  adult  male. 

Sitka  Harbor;  15  fathoms;  W.H.Dall;  U.S.N.M.  44081 ;  1  female. 

Alaska;  W.  H.  Dall;  U.S.N.M.  44082;  1  male. 
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DlilSTTUS  SULCATA,  IM 

Female  (with  developing  o6stegites). — Total  length,  13  nun. 

Carapace  elongated  and  slender,  its  height  a  little  less,  and  its 
transverse  width  a  little  more,  than  one-half  of  its  length.  The 
dorsal  edge,  as  seen  from  the  side,  is  only  very  slightly  arched.  A 
transverse  ridge  crosses  the  dorsal  surface  just  behind  the  ocular 
lobe,  where  it  is  very  prominent  and  bears  about  six  strong  teeth; 
passing  downward  and  slightly  backward  on  each  side,  it  is  less 
strongly  marked  but  becomes  more  prominent  again  as  it  curves 
sharply  backward  to  nm  parallel  to  and  a  little  distance  above  the 
lower  edge  of  the  carapace,  from  which  it  is  separated  by  a  deep 
groove;  it  dies  out  before  reaching  the  hind  margin  of  the  carapace; 
along  the  lower  part  of  its  course  it  is  obscurely  dentated.  The 
pseudorostrum  is  horizontal  and  acute;  there  is  no  distinct  antennal 
notch,  but  the  anterior  part  of  the  lower  edge  of  the  carapace  is 
rather  coarsely  serrate.  The  ocular  lobe  is  very  small  and  there  is 
no  distinct  eye. 


FlQ.  76.~DlASTYUS  SXTLCATA,  IMMATUKK  nifALB,  FBOM  TRX  8IDB. 

The  free  thoracic  somites  together  are  shorter  than  the  carapace; 
the  pleural  plates  of  the  second  somite  are  narrowly  rounded  in  front 
and  overlap,  but  do  not  conceal  those  of  the  first;  the  lateral  expan- 
sions of  the  third  and  fourth  somites  are  more  strongly  produced 
backward  than  they  are  in  D.  ratUdi,  that  of  the  third  somite  being, 
about  one-third  as  long  as  the  carapace;  the  last  thoracic  somite  is 
produced  postero-lateraJly  in  a  pair  of  stout  spiniform  teeth. 

The  abdomen,  including  the  telson,  is  distinctly  longer  than  the 
cephalothoracic  region.  The  fifth  somite  is  slightly  longer  than  the 
sixth.  The  telson  is  longer  by  about  one-third  than  the  sixth  somite, 
narrowing  almost  from  the  base,  the  post-anal  portion  twice  as  long 
as  the  pre-anal,  with  about  nine  pairs  of  short  lateral  spinules  and 
a  pair  of  short  apical  spinules. 

The  peduncle  of  the  antennules  has  the  first  segment  nearly  three 
times  as  long  as  the  second  and  twice  as  long  as  the  third.  The  seg- 
ments of  the  antenna  are  short. 

The  first  legs  have  the  basis  nearly  half  as  long  again  as  the  distal 
segments  together;  the  last  three  segments  are  subequal.    The  sec- 
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ond  legs  have  a  conspicuous  slender  spine  on  the  inner  side  of  the 
ischium;  the  carpus  is  longer  than  the  two  distal  segments  together. 
The  posterior  legs  are  very  stout;  the  carpus  of  the  third  pair  is  as 
broad  as  the  merus  and  only  a  Uttle  longer  than  broad;  no  exopods  are 
present  on  the  third  and  fourth  pairs.  The  peduncle 
of  the  uropodsy  which  does  not  quite  reach  the  tip 
of  the  telson,  has  a  row  of  small  spines  on  its  inner 
edge;  the  exopod  is  less  than  two-thirds,  and  the 
endopod  about  one-half,  as  long  as  the 
peduncle;  of  the  three  segments  of 
the  endopod  the  first  is  longer  than 
the  other  two  together;  the  spines  on 
the  inner  edge  are  small. 

The  inmiature  male  resembles  the 
female  in  general  form. 

Remarks. — ^This  species  is  very 
closely  allied  to  D.  raikJcii,  but  it  ap- 
pears to  be  sufficiently  distinguished 
from  that  species  by  the  more  elon- 
gated form  of  the  carapace  and  its 
less  arched  dorsal  outline,  and  espe- 
cially by  the  marked  groove  and  ridge 
above  the  anterior  part  of  its  lower  edge  on  each  side. 
The  slender  form  of  the  cephalothorax  and  the  back- 
ward projection  of  the  third  and  fourth  free  thoracic 
somites,  resulting  in  a  gap  being  left  between  the 
second  and  third  pairs  of  legs,  give  the  species  a 
certain  resemblance  in  general  form  to  Diastyhpsis  dawsoni.  That 
this  resemblance  does  not  imply  any  close  relationship  between  the 
two  species,  however,  is  shown  by  the  absence  in  the  present  case  of 
any  antennal  notch,  by  the  large  size  of  the  last  thoracic  somite, 
the  form  of  the  antenna  and  third  maxilliped,  and  by  many  other 
characters. 

Locality.— AlaskA,  lat.  63""  37'  N.;  long.  166"*  19'  W.;  12  fathoms; 
G.  M.  Stoney,  June,  1884;  U.S.N.M.  44101-44103;  .10,  male  and 
female  (including  holotype,  44103). 


no.  77.~DlASTTini 
SULCATA,  DCMA- 
TUBB  rEMALB, 
AKTKBIOB  PABT 
OF  BODY  fBOK 
ABOYX. 


FlO.  78.~DlA8TTLI8 
8I7LCATA,  IMMATUBX 
rBMALB,  LAST  BOM- 
RB,  TEL8ON1  AND 
UBOPOD. 


DIA8TTUS  POUTA  S.  I. 

Dia8tyl%8  politus  S.  I.  Smfth,  Trans.  Conn.  Acad.,  vol.  5,  1879,  p.  108. 

The  specimens  that  I  have  examined  agree  in  all  essential  details 
with  Professor  Smith's  excellent  and  minute  description.  As  no  fig- 
ures of  the  species  have  hitherto  been  published,  I  give  outline  figures 
of  both  sexes  to  illustrate  the  chief  differences  from  D.  sculpta.  In 
the  female  these  differences  are  as  follows:  The  areas  between  the 
ridges  on  the  carapace  are  much  less  deeply  hollowed;  there  are  only 
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three  instead  of  four  oblique  lateral  ridges,  of  which  the  third  fails 
to  unite  below  with  the  second,  while  the  lateral  ridge  of  the  pseudo- 
rostrum  does  not  extend  back  to  the  first;  the  first  legs  are  distinctly 
shorter;  the  carpus  of  the  second  legs  is  more  than  twice  as  long  as 
the  merus;  the  postero-lateral  angles  of  the  last  thoracic  somite  are 
strongly  produced  and  spiniform.  The  male  is  distinguished  from 
that  of  D.  sculpta  (as  figured  by  Sars)  by  possessing  a  strong  hori- 
zontal ridge  on  each  side  of  the  carapace,  running  forward  from  the 


FlO.  79.— DIA8TTLI8  POUTA,  rSMALE,  FROM  THE  SIDE. 

hind  margin.  Adult  specimens  of  both  sexes  are  considerably  larger 
(male  14  mm.,  female  12  mm.)  than  those  of  D.  sculpta. 

The  locahties  given  for  the  species  by  Professor  Smith  extend  from 
the  Gulf  of  St.  Lawrence  to  Vineyard  Sound  and  from  the  siu^ace  to 
190  fathoms. 

Localities.— v.  S.  F.  C.  station  91  (1877) ;  oflF  Halifax,  Nova  Scotia; 
6i  fathoms;  bottom  temperature,  49^  F.;  U.S.N.M.  38024;  1  female. 


FlO.  80.— DiASTTLIS  POUTA,  MALE,  PROM  THE  STDE. 

U.  S.  F.  C.  stations  72-73  (1877) ;  Halifax  Harbor,  Nova  Scotia;  18 
fathoms;  bottom  temperature,  39.5''-41.5^  F.;  U.S.N3f.  44058;  1 
female. 

La  Have  Islands,  Nova  Scotia;  6  fathoms;  in  fine  mud;  Geol.  Surv. 
of  Canada,  Aug.  7,  1910;  U.SN.M.  44062;  7  females. 

U.  S.  F.  C.  station  141  (1878);  Gloucester  Harbor;  8J  fathoms; 
bottom  temperature,  44.6"*  F.;  U.S.N.M.  36647,  36648,  44061;  many, 
male  and  female. 

U.  S.  F.  C.  station  145  (1878);  Gloucester  Harbor;  8  fathoms; 
bottom  temperature,  51''  F.;  U.S.NJl.  36640,  36643,  44156;  many, 
male  and  female. 
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U.  S.  F.  C.  stations  141-146  (1878);  Gloucester  Harbor;  8-9  fath- 
oms; bottom  temperature,  44.6^-51  ^^  F.;  U.S.N.M.  36362,  44059; 
many,  male  and  female. 

U.  S.  F."  C.  station  336;  oj0F  Plymouth;  7  fathoms;  bottom  tem- 
perature, 55®  F.;  U.S.N.M.  34870;  4,  male  and  female. 

Woods  Hole,  Massachusetts;  received  April,  1877;  U.S. N.M.  36644; 
12  males. 

Woods  Hole;  surface;  February,  1888;  U.S.N.M.  13100;  1  male. 

Woods  Hole;  surface;  V.  N.  Edwards,  Bureau  of  Fisheries; 
U.S.N.M.  Ace.  No.  11929;  6,  male  and  female. 

U.  S.  F.  C.  stations  816-818;  Narragansett  Bay;  81-10  fathoms; 
bottom  temperature,  63°-66''  F.;  U.S.N.liL  44056,  44060;  many, 
male  and  female. 

U.  S.  F.  C.  station  1240;  Block  Island  Sound;  18^  fathoms;  bot- 
tom temperature,  60®  F.;  U.S.N.M.  12694;  4  males. 

DIASTTLIS  SCULPTA  O.  O.  Saxs. 

DiagtyUs  sculpta  G.  0.  Sars,  Oefvera.  Kgl.  Vet.  Akad.  P5rh.,  vol.  28,  1871, 
p.  71;  Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  9,  No.  13,  1871,  p.  24,  pla. 
1-9,  figs.  1-49.—  S.  I.  Smtth,  Tranfl.  Conn.  Acad.,  vol.  6, 1879,  p.  111. 

Although  some  specimens  of  this  species  have  the  areas  between 
the  ridges  of  the  carapace  less  deeply  hollowed  than  tn  the  typical 
form  as  figured  by  Sars,  there  is  no  difficulty  in  distinguishing, 
almost  at  a  glance,  between  this  species  and  D.  polita. 

I  have  not  identified  any  adult  males  among  the  material  sent  to  me. 

The  known  range  of  this  species  is  from  the  Gulf  of  St.  Lawrence 
to  off  Long  Island  and  from  the  surface  to  190  fathoms.  The  locali- 
ties of  the  specimens  that  I  have  examined  all  fall  within  these  limits. 

Localities.— U.  S.  F.  C.  stations  72-73  (1877);  oiBF  Halifax,  Nova 
Scotia;  18  fathoms;  bottom  temperature,  39.6^-41.6*^  F.;  U.S.N.M. 
44167;  2  females. 

U.  S.  F.  C.  station  87  (1877) ;  ojBF  Halifax,  Nova  Scotia;  21  fathoms; 
bottom  temperature,  48.3^-49°  F.;  U.S.N.M.  34877;  1  female. 

Off  Halifax,  Nova  Scotia;  U.  S.  F.  C;  U.S.N.M.  34322;  1  female. 

U.  S.  F.  C.  station  70  (1877);  about  120  miles  south  of  Halifax, 
Nova  Scotia;  190  fathoms;  bottom  temperature,  38.6^-39°  F.; 
U.S.N.M.  37833;  1  female. 

U.  S.  F.  C.  stations  133-134  (1878) ;  Massachusetts  Bay,  26-33 
fathoms;  U.S.N.M.  44090;  1  female. 

Nahant,  Massachusetts;  S.  D.  Judd,  1893;  U.S.N.M.  44094;  2 
females. 

U.  S.  F.  C.  station  292;  mouth  Cape  Cod  Bay;  29  fathoms;  bottom 
temperature,  41°  F.;  U.S.N.M.  34863,  34866;  6  females. 

U.  S.  F.  C.  station  247;  off  Cape  Cod;  34  fathoms;  U.S.NJkL  38022; 
I  female. 
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U.S.F.C.  Stations  987-989;  off  Marthas  Vineyard;  28-30  fathoms; 
bottom  temperature,  49*^-49.5*^  F.;  U.S.N.M.  44092, 44093;  9  females. 

U.  S.  F.  C.  station  1025;  off  Marthas  Vineyard;  216  fathoms;  bot- 
tom temperature,  45*^  F.;  U.S.N.M.  34313;  1  female. 

Woods  Hole;  surface;  V.  N.  Edwards,  Bureau  of  Fisheries; 
U.S.N.M.  Ace.  No.  11929;  1  female. 

U.  S.  F.C.  station  811;  off  Newport,  R.  I.;  19i  fathoms;  bottom 
temperature,  63^  F.;  U.S.N.M.  44091;  3  females. 

U.  S.  F.  C.  station  1240;  Block  Island  Sound;  18i  fathoms;  bot- 
tom temperature,  60°  F.;  U.S.N.M.  44137;  many,  female  and  yoimg- 

DIASTTLIS  QUADRISPmOSA  O.  O.  Sm. 

7  Cuma  bispvnosa  Stdcpson,  Mar.  Invert.  Grand  Manan,  Smiths.  Gontr.,  vol.  6, 

Art.  5,  1863,  p.  39. 
JHastylis  quadrisjnnosa  G.  O.  Saes,  Oefvers.  Kgl.  Vet.  Akad.  F6rh.,  vol.  28, 1871, 

p.  72;  Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  9,  1871,  No.  13,  p.  28,  pis.  10,  11, 

figs.  50-61.-~S.  I.  Smtth,  Rep.  U.  S.  Comm.  Fisheries,  pt.  1,  1873,  p.  554, 

pi.  3,  fig.  13;  Trans.  Conn.  Acad.,  vol.  5, 1879,  p.  112. 

Prof.  S.  I.  Smith,  while  regarding  this  as  the  species  indicated 
rather  than  described  by  Stimpson  imder  the  name  Ouma  hispinasa, 
preferred  to  retain  the  name  given  to  it  by  6.  O.  Sars,  and  I  can  per- 
ceive no  advantage  to  be  gained  by  departing  from  this  precedent. 

A  single  adult  male  which  I  believe  to  belong  to  this  species  is  in 
the  coUection  from  Massachusetts  Bay.  Unfortunately  it  is  much 
damaged  and  I  am  unable  therefore  to  give  a  satisfactory  %ure  of 
the  entire  animal.  It  resembles  in  general  form  the  male  of  Z>. 
camuta  ^  as  figured  by  SarS;  but  the  lateral  longitudinal  ridge  of  the 
carapace  dies  out  anteriorly  and  there  is  no  ridge  joining  it  to  the 
lower  edge.  On  the  dorsal  surface  are  two  pairs  of  low  tubercles 
answering  to  the  teeth  of  the  female,  'f he  anterolateral  comers  are 
less  coarsely  dentate  than  in  D.  comuta.  The  postero-lateral  angles 
of  the  last  thoracic  somite  are  more  produced  than  in  the  female. 
The  first  abdominal  somite  has  a  pair  of  small  dorso-lateral  teeth 
(sometimes  visible  also  in  the  female)  on  its  very  concave  hinder 
border.  The  third,  fourth,  and  fifth  abdominal  somites  have  a 
median  dorsal  ridge,  obscurely  serrated,  the  same  somites  have  also 
a  pair  of  dorso-lateral  ridges  which  end  behind  in  small  spines, 
most  conspicuous  in  the  case  of  the  fifth  somite.  The  telson  is  of 
the  usual  form,  a  little  longer  than  the  uropod  pedimcles,.  and  with 
at  least  twelve  pairs  of  long  slender  spinules.  The  peduncle  of  the 
uropods  has  spinules  only  on  the  distal  half  of  its  inner  edge. 

II  tate  this  opportonlty  of  noting  that  the  specimens  which  I  leoentiy  referred  to  D.  oapreetuii  (BoU. 
Mqs.  Hist  Nat.  Paris,  1910,  p.  181)  seem  to  be  only  a  form  of  D.  comtUa  Boeck.  I  hare  now  examined 
specimens  ^diich  are  intennediate  in  many  points  («.  g.,  in  having  the  large  antero-lateral  spines  hitar- 
oate)  between  these  and  the  typical  D.  eomtUa.  In  all  probability,  the  typ»«pecimens  of  D,  eaprcfMis 
(Mittb.  Zool.  Stat  Neapel,  vol.  17, 1906,  p.  428),  should  also  be  xefened  to  D.  oomiKa. 
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The  range  of  this  species  as  hitherto  known  extended  from  the 
Gulf  of  St.  Lawrence  to  New  Jersey  Gat.  39^  54'  00"  N.).  The  list  of 
localities  given  below  extends  the  southern  limit  to  latitude  35^  42' 
00'  N.,  near  Cape  Hatteras.  The  known  range  in  depth  is  from  2  to 
190  fathoms,  but  I  learn  that  there  are  specimens  in  the  United 
States  National  Musemn  from  Albatross  station  2484  at  a  depth  of 
204  fathoms. 

Localities. — Albatross  station  2497;  off  Nova  Scotia,  lat.  46®  04' 
00"  N.;  long.  69"*  36' 45"  W.;  57  fathoms;  bottom  temperature, 
33®  F.;  U.S.N.M.  44063;  1  female. 

U.  S.  F.  C.  stations  72-73  (1877) ;  Halifax  Harbor,  Nova  Scotia;  18 
fathoms;  bottom  temperature,  39.5®-41.5®  F.;  U.S.N.M.  34881;  1 
male. 

U.  S.  F.  C.  station  87  (1877) ;  Halifax  Harbor,  Nova  Scotia;  21 
fathoms;  bottom  temperature,  48.3®-49®  F.;  U.S.N.M.  34321,34882, 
37832;  6,  male  and  female. 

U.  S.  F.  C.  station  101  (1877);  off  Halifax,  Nova  Scotia;  42 
fathoms;  U.S.N.M.  34883;  1  female. 

Off  Nova  Scotia;  U.  S.  F.  C,  1877;  U.S.N.M.  37837;  1  female. 

Seal  Cove,  Grand  Manan;  8-10  fathoms;  U.S.F.C,  1872;  U.S.N.M. 
36637;  many,  male  and  female. 

U.  S.  F.  C.  station  160  (1878);  Gulf  of  Maine;  54  fathoms;  bottom 
temperature,  39.5®  F.;  U.S.N.M.  44073;  1  female. 

U.  S.  F.  C.  station  166  (1878) ;  Gulf  of  Mame;  35  fathoms;  bottom 
temperature,  41.5°  F.;  U.S.N.M.  36357,  36358;  many,  male  and 
female. 

U.  S.  F.  C.  station  134  (1878);  Massachusetts  Bay;  26  fathoms; 
U.S.N.M.  34939;  1  female. 

U.  S.  F.  C.  stations  133-134  (1878);  Massachusetts  Bay;  26-33 
fathoms;  U.S.N.M.  36360;  7  females. 

U.  S.  F.  C.  stations  135-136  (1878);  Massachusetts  Bay;  25-26 
fathoms;  bottom  temperature,  40®-40.5®  F.;  U.S.N.M.  36364;  5 
females. 

U.  S.  F.  C.  station  206;  Massachusetts  Bay;  42  fathoms;  U.S.N.M. 
38023;  4,  male  and  female. 

U.  S.  F.  C.  station  215;  Massachusetts  Bay;  35  fathoms;  bottom 
temperature,  50.5®  F.;  U.S.N.M.  36361;  1  male  (adult). 

U.  S.  F.  C.  station  222;  Massachusetts  Bay;  40  fathoms;  U.S.N.M. 
36359;  1  female. 

Nahant,  Massachusetts;  S.D.  Judd,  1893;  U.S.N.M.  44065;  6,  male 
and  female. 

U.  S.  F.  C.  station  283;  off  Cape  Cod  (Massachusetts  Bay);  31 
fathoms;  bottom  temperature,  38.5®  F.;  U.S.N.M.  34866;  11  females. 

U.  S.  F.  C.  station  322;  off  Cape  Cod;  67  fathoms;  bottom  tem- 
perature, 40.5®  F.;  U.S.N.M.  34320,  34876;  2  females. 
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U.  S.  F.  C.  station-321;  Cape  Cod  Bay;  29 J  fathoms;  bottom  tem- 
perature, 44.5^  F.;  U.S.N.M.  34868;  2  females. 

U.  S.  F.  C.  station  337;  Cape  Cod  Bay;  16  fathoms;  bottom  tem- 
perature, 47.2''  F.;  U.S.N.M.  34861;  many  females. 

U.  S.  F.  C.  station  784;  oS  Newport,  Rhode  Island;  20  fathoms; 
bottom  temperature,  53.5^  F.;  U.S.N.M.  34323,  34326;  9  females. 

U.  S.  F.  C.  station  786;  off  Newport,  Rhode  Island;  19  fathoms; 
bottom  temperature,  53.5°  F.;  U.S.N.M.  44066;  1  female. 

U.  S.  F.  C.  station  788;  off  Newport,  Rhode  Island;  18  fathoms; 
bottom  temperature,  54°  F.;  U.S.N.M.  44067;  3,  male  and  female. 

U.  S.  F.  C.  station  793;  off  Newport,  Rhode  Island;  19  fathoms; 
U.S.N.M.  34329;  7,  male  and  female. 

U.  S.  F.  C.  station  795;  off  Newport,  Rhode  Island;  19  fathoms; 
bottom  temperature,  63°  F.;  U.S.N.M.  34295,  34324;  about  17,  male 
and  female. 

U.  S.  F.  C.  station  811;  off  Newjwrt,  Rhode  Island;  19i  fathoms; 
bottom  temperature,  53°  F.;  U.S.N.M.  36299,  36363;  many,  male  and 
female. 

U.  S.  F.  C.  station  812;  off  Block  Island;  28i  fathoms;  bottom 
temperature,  46°  F.;  U.S.N.M.  44069;  1  female. 

U.  S.  F.  C.  station  860;  Vineyard  Sound;  17i  fathoms;  bottom 
temperature,  64°  F.;  U.S.N.M.  34299;  1  male,  1  female. 

U.  S.  F.  C.  station  863;  Vineyard  Sound;  18  fathoms;  bottom  tem- 
perature, 65°  F.;  U.S.N.M.  34327;  1  male,  1  female. 

U.  S.  F.  C.  station  871 ;  off  Marthas  Vineyard;  115  fathoms;  bottom 
temperature,  49°  F.;  U.S.N.M.  34314;  1  female. 

U.  S.  F.  C.  station  873;  off  Marthas  Vineyard;  100  fathoms;  bottom 
temperature,  51°  F.;  U.S.N.M.  34319;  1  male. 

U.  S.  F.  C.  station  878;  off  Marthas  Vineyard;  142i  fathoms;  bot- 
tom temperature,  52°  F.;  U.S.N.M.  34312;  1  male. 

U.  S.  F.  C.  station  987;  off  Marthas  Vineyard;  28  fathoms;  bottom 
temperature,  49°  F.;  U.S.N.M.  44070;  6,  male  and  female. 

U.  S.  F.  C.  stations  987-989;  off  Marthas  Vineyard;  28-30  fathoms; 
bottom  temperatures  49°-49.5°  F.;  U.S.N.M.  44071;  6  females. 

U.  S.  F.  C.  station  992;  off  Marthas  Vineyard;  36  fathoms;  bottom 
temperature,  48°  F.;  U.S.N.M.  44064;  1  female. 

U.  S.  F.  C.  station  993;  off  Marthas  Vineyard;  39  fathoms;  bottom 
temperature,  46.5°  F.;  U.S.N.M.  44072;  1  female. 

U.  S.  F.  C.  station  2746;  lat.  38°  46'  00"  N.;  long.  73°  5'  45''  W.; 
102  fathoms;  bottom  temperature,  51.2°  F.;  U.S.N.M.  33914;  1  male, 
1  female. 

ATbatro88  station  2307;  near  Cape  Hatteras,  lat.  35°  42'  00"  N.; 
long.  74°  54'  30"  W.;  43  fathoms;  bottom  temperature,  57.3  F.; 
U.S.N.M.  34298;  6  females. 
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DIAST7US  STTOIA  G.  O.  Sm. 

DiagtylU  stygia  G.  O.  Sars,  Oefvera.  Kgl.  Vet.  Akad.  F6rh.,  vol.  28,  1871,  p.  798; 
Kgl.  Svenaka  Vet.  Akad.  Handl.,  vol.  11,  1873,  No.  6.,  p.  6,  pi.  2,  figs.  4-7; 
Rep.  Cumacea  Challenger,  1886,  p.  44,  pis.  6-8. 

This  characteristically  deep-water  species  has  not  hitherto  been 
recorded  from  a  less  depth  than  620  fathoms,^  and  I  am  inclined  to 
suspect  an  error  in  the  label  which  attributes  one  of  the  specimens  in 
the  present  collection  to  U.  S.  F.  C.  station  1038,  at  which  the  depth 
was  only  146  fathoms.  The  species  is  known  to  descend  to  2,600 
fathoms. 

Localities.— Albatro88  station  2706;  lat.  41°  28'  30"  N.;  long.  65° 
35'  30"  W.;  1,188  fathoms;  U.S.N.M.  11900;  1  female. 

Albatross  station  2575;  lat.  41°  07'  00"  N.;  long.  65°  26'  30"  W.; 
1,710  fathoms;  bottom  temperature,  37.1°  F.;  U.S.N.M.  11013;  8, 
male  and  female. 

Albatross  station  2573;  lat.  40°  34'  18"  N.;  long.  66°  09'  00"  W.; 
1,742  fathoms;  bottom  temperature,  37.3°  F.;  U.S.N.M.  11006;  many, 
male  and  female. 

Albatross  station  2572;  lat.  40°  29'  00"  N.;  long.  66°  04'  00"  W.; 
1,769  fathoms;  bottom  temperature,  37.8°  F.;  U.S.N.M.  10998,  38206; 
many,  male  and  female. 

Albatross  station  2535;  lat.  40°  03'  30"  N.;  long.  67°  27'  15"  W.; 
l,149fathoms;  bottom  temperature,  37.8°  F.;U.S.N.M.  38208,  44096; 
3  females. 

Albatross  station  2534;  lat.  40°  01'  00"  N.;  long.  67° 29'  15"  W.; 
1,234  fathoms;  bottom  temperature,  37.8°  F.;  U.S.N.M.  10890;  3 
females. 

U.  S.  F.  C.  station  1038(?);  lat.  39°  58'  00"  N.;  long.  70°  06'  00" 
W.;  146  fathoms;  bottom  temperature,  47°  F.;  U.S.N.M.  44095;  1 
female. 

Albatross  station  2570;  lat.  39°  54'  00"  N.;  long.  67°  05'  30"  W.; 
1,813  fathoms;  bottom  temperature,  36.8°  F.;  U.S.N.M.  10892, 
11009;  many,  male  and  female. 

Albatross  station  2043;  lat.  39°  49'  00"  N.;  long.  68°  28'  30"  W.; 
1,467  fathoms;  bottom  temperature,  38.5°  F.;  U.S.N.M.  44097;  1 
female. 

Albatross  station  2221;  lat.  39°  05'  30"  N.;  long.  70°  44'  30"  W.; 
1,525  fathoms;  bottom  temperature,  36.9°  F.;  U.S.N.M.  8506,  34302, 
34303,  44098,  44099;  many,  male  and  female. 

Albatross  station  2711;  lat.  38°  59'  00"  N.;  long.  70°  07'  00"  W.; 
1,544  fathoms;  U.S.N.M.  11983;  4  females. 

Albatross  station  2228;  lat.  37°  25'  00"  N.;  long.  73°  06'  00"  W.; 
1,682  fathoms;  bottom  temperature,  36.8°  F.;  U.S.N.M.  44100;  1 
male,  1  female. 

I  Sars,  Norweg.  N.  Atl.  Exped.  Crustaoea,  vol.  2, 1886,  p.  22. 
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DIASTTUS  LUCIFBRA  (Kr^yer). 

CuTMt  luc{fera  Kr0yeb,  Naturh.  Tideskr.,  vol.  3,  1841,  p.  527,  pi.  6,  figs.  34>35. 
Diastylia  luci/enu  S.  I.  Smith,  Trans.  Conn.  Acad.,  vol.  5, 1879,  p.  112. 
Diastylis  liLctfera  G.  0.  Sars,  Crust.  Norway,  vol.  3,  1900,  p.  48,  pi.  37. 

Localities, --ATbatro88  station  2697;  oflF  Newfoundland;  206  fathoms; 
U.S.N.M.  44053;  3,  male  and  female. 

IT.  S.  F.  C.  station  160  (1878);  Gulf  of  Maine;  54  fathoms;  bottom 
temperature,  39.5^  F.;  U.S.N.M.  34292;  2  females. 

DIASTTUS  GOODSnU  (BeU). 

Alauna  goodnri  Bbll,  in  Belcher,  Last  of  the  Arctic  Voyages,  vol.  2,  1855,  p. 

403,  pi.  24,  figs.  2-2n. 
Dioitylia  goodtvri  G.  O.  Sabs,  Crust.  Norway,  vol.  3,  1900,  p.  54,  pi.  41. 

This  fine  species  has  been  recorded  from  West  Greenland  Gat.  65° 
35'  N.)  by  Hansen.  It  had  previously  been  recorded  from  the 
Labrador  coast  by  Packard,  but  the  specimens  appear  to  have  been 
wrongly  identified.^  The  localities  given  below  extend  its  range  far 
to  the  southward. 

Localities.— Albatross  station  2697 ;  lat.  47''  40'  00"  N. ;  long.  47"*  35' 
30"  W.;  206  fathoms;  U.S.N.M.  11785,  44050;  7,  male  and  female. 

AJhatross  station  2488;  lat.  44°  35'  00"  N.;  long.  57°  13'  30"  W.; 
150  fathoms;  U.S.N.M.  10501;  1  male. 

Albatross  station  2471;  lat.  44°  34'  00"  N.;  long.  56°  41'  45"  W.; 
218  fathoms;  bottom  temperature,  40.4°  F.;  U.S.N.M.  10500;  1  male. 

Albatross  station  2511;  lat.  44°  05'  30"  N.;  long.  63°  31'  30"  W.; 
84  fathoms;  bottom  temperature,  41.6°  F.;  U.S.N.M.  10502;  2 
females. 

Twenty  miles  ESE.  of  Cape  Sable,  Nova  Scotia;  70  fathoms;  Owen 
Bryant;  October,  1908;  U.S.N.M.  44051;  2  females. 

DZASTTLOPSIS  DAWSONI  S.  I.  Smith. 

Dia9tylopns  dawsoni  S.  I.  Smith,  Geol.  Survey  Canada,  Report  187^79  (1880), 
p.  2155. 

Female  (with  developing  oostegites). — ^Total  length,  14.5  nun.  (An 
ovigerous  female  measured  only  about  12.5  mm.  in  length.) 

Carapace  elongated  and  slender,  its  height  a  little  less  than,  and 
its  transverse  width  about  equal  to,  one-half  of  its  length.  In  its 
anterior  part  it  is  encircled  by  four  very  fine  transverse  lines  which 
converge  as  they  approach  the  lower  margin.  In  the  second  and 
third  of  these  Ihies  the  dorsal  portion  crossing  the  frontal  lobe  is 
separated  from  the  lateral  portion  which  ends  in  front  of  it  on  the 
frontal  suture;  it  appears  as  though  this  dislocation  were  due  to  the 
forward  growth  of  the  lateral  plates  of  the  carapace,  carrying  with  it 
the  lateral  portions  of  the  lines.  The  pseudorostrum  is  horizontal 
and  acute;  there  is  a  deep,  roimded,  antennal  notch  defined  by  a 


1  See  Smith,  Tiaos.  Coim.  Aoad.,  voL  6  p.  107. 
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prominent  acute  antero-Iateral  tooth,  behind  which  the  lower  edge 
of  the  carapace  is  finely  serrated.  The  ocular  lobe  is  very  small  and 
there  is  no  distinct  eye. 

The  free  thoracic  somites  together  are  about  equal  in  length  to  the 
carapace.    The  pleural  plates  of  the  second  somite  are  rounded  in 


FXO.  81.~DlASTTLOrSIS  DAWSONI,  IMMATUBE  FEMALE,  FROM  THE  SIDE. 

front,  defined  above  by  a  narrow  notch,  and  completely  conceal 
those  of  the  first  somite.  The  third  and  fourth  somites  are  more 
firmly  connected  together  than  they  are  with  the  adjacent  somites, 
but  the  line  of  junction  is  strongly  marked.  The  third  somite  is  very 
short  in  the  middorsal  line,  but  its  pleural  expansions  are  strongly 
produced  backward  to  embrace  the  long  fourth  somite; 
the  length  of  these  lateral  expansions  is  about  one-half 
that  of  the  carapace.  The  point  of  attachment  of  the 
third  pair  of  legs  is  thus  carried  backward,  leaving  a 
long  interval  between  them  and  the  second  pair.  The 
last  thoracic  somite  is  small  and  its  postero-lateral 
comers  are  not  produced  beyond  the  articu- 
lation of  the  fifth  legs. 

The  last  thoracic  somite  bears  a  pair 
of  stout  curved  teeth  on  the  sternal 
surface  and  the  first  abdominal  a  single 
tooth.  The  abdomen,  including  the 
telson,  is  shorter  than  the  cephalotho- 
racic  region.  The  fifth  somite  is  not 
longer  than  the  sixth.  The  telson  is 
about  three-fourths  as  long  as  the  sixth 
somite,  swollen  in  its  basal  part. 
There  are  about  four  pairs  of  slender 
setif  orm  lateral  spines,  and  the  terminal 
pair,  though  stouter,  are  still  unusually 
long  and  slender,  being  about  one-third  as  long  as  the  telson. 

The  first  segment  of  the  peduncle  of  the  antennules  is  nearly  as 
long  as  the  second  and  third  together;  the  third  is  about  half  the 
diameter  of  the  second  and  longer  than  it.  The  shorter  flagellum 
is  about  equal  to  the  first  segment  of  the  longer  and  is  apparently 
composed  of  only  two  segments.  The  antenna  has  four  segments, 
the  penultimate  elongated  (about  four  times  as  long  as  wide)  and 
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the  terminal  one  very  minute.  The  mandible  has  both  the  molar  and 
the  incisor  processes  unusually  short  and  stout.  The  maxillula  and 
maxilla  are  of  normal  form;  the  palp  of  the  former  carries  two  setee. 

The  third  maxillipeds  have  the  basis  expanded  distally,  where  its 
width  is  nearly  one-fourth  of  its  length  along  the  inner  edge;  its 
inner  distal  angle  is  produced  into  a  strong,  acute  tooth;  the  ischium 
is  very  wide  and  is  produced  externally  into  a  stout  tooth;  the  merus 
is  not  more  than  one- third  of  the  width  of  the  ischium;  the  terminal 
segments  are  very  slender  and  in  the  specimens  dissected  they  are 
doubled  back  behind  (i.  e.,  on  the  inner  or  upper  surface  of)  the  basis. 

The  first  legs  are  unusually  short,  hardly  extending  beyond  the 
antero-lateral  angle  of  the  carapace;  the  distal  segments  together 


86  86  87 

Figs.  85-87.— Diasttlopsis  dawsoni,  ixmatusx  female.    85,  Thikd  maziluped;  86,  nsn  Lsa;  87, 

SECOND  LEO. 

are  about  two-thirds  as  long  as  the  basis;  the  last  three  segments 
successively  diminish  in  length. 

The  second  legs  have  the  carpus  nearly  twice  as  long  as  the  two 
distal  segments  together. 

The  third  and  fourth  pairs  of  legs  have  each  a  very  minute  vestige 
of  an  exopod,  apparently  unsegmented. 

The  peduncle  of  the  uropods  extends  for  nearly  half  its  length 
beyond  the  telson.  It  has  a  closely  set  series  of  slender  spines  along 
its  inner  edge;  the  exopod  is  more,  and  the  endopod  less,  than  half 
the  length  of  the  peduncle;  of  the  three  segments  of  the  endopod  the 
fiurst  occupies  about  half  of  its  length  and  the  third  is  much  longer 
than  the  second;  the  marginal  spines  of  both  rami  are  slender. 

Male. — ^Total  length,  about  9  mm. 

In  general  form  the  carapace  resembles  that  of  the  female  and  it 
is  similarly  marked  with  four  transverse  lines;  there  is,  however,  no 
antennal  notch,  the  antero-lateral  margin  sloping  backwards  from 
the  lower  edge  of  the  pseudorostrum  with  hardly  an  indication  of 
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FtQ.  88.— DiASTTLorsis 

DAWSOHI,  nCMATUBB 
FEXALB,   ZHIBD  LEO. 


the  antero-lateral  tooth;  the  anterior  part  of  the  lower  margin  is 
finely  serrated.  The  ocular  lobe  is  slightly  swollen,  but  there  is  no 
pigment  and  the  visual  elements  are  not  distinctly  visible. 

The  free  thoracic  somites  together  are  about  two-thirds  as  long  as 
the  carapace.  The  pleural  plates  of  the  second 
somite  are  concealed  beneath  those  of  the  third. 
The  pleural  plates  of  the  third  and  fourth  somites 
are  not  so  strongly  produced  backwards  as  in  the 
female  and  the  length  of  both  together  is  just  about 
one-half  that  of  the  carapace.  There  is  no  marked 
interval  between  the  second  and  third  pairs  of  legs. 
The  last  thoracic  somite  probably  bears  a  pair  of 
short  curved  sternal  teeth  as  in  the  female,  but 
only  one  remains  in  the  specimen  examined.  The 
first  abdominal  somite  has  a  single  large  curved 
sternal  tooth  anteriorly  and  the  first  and  second 
have  each  a  lateral  tooth  external  to  the  attachment 
of  the  pleopods.  The  telson  is  about  as  long  as  the  last  somite  and 
dorsally  humped.  There  are  some  nine  pairs  of  setiform  lateral  spines. 
The  third  segment  of  the  peduncle  of  the  antennule  is  nearly  as 
stout  as  the  preceding  and  bears  a  terminal  brush  of  fine  hairs.  The 
flagella  are  much  longer  than  in  the  female,  the  major 
flagellum  having  four  or  five  segments. 

The  flagellum  of  the  antenna  extends  to  the  tip  of 
the  uropods. 

The  legs  appear  not  to  diflPer  greatly  from  those  of 
the  female  except  in  the  presence  of  exopods  on  all 
except  the  last  pair.  The  ischium  of  the  penultimate 
pair  has  a  conspicuous  tooth  posteriorly. 

The  uropods  resemble  those  of  the  female,  but  the 
spines  on  the  inner  edge  of  the  endopod  and  peduncle 
are  more  numerous  and  pectinated. 

RemarlcB. — Of  this  species,  the  genotype  of  the  genus 
Diasiylopsis,  no  figures  have  hitherto  been  published. 
The  specimens  examined  agree  so  well  with  Smith's 
description,  however,  that  there  can  be  no  doubt  of 
their  specific  identity.  Of  the  other  species  referred 
to  the  genus,  D.  (kiUmusi  Zimmer^  apparently  comes 
nearest  to  the  type,  but  is  distinguished  from  it, 
among  many  other  characters,  by  the  remarkable  structure  of  the 
third«maxiUipeds,  on  which  I  have  already  commented.'  A  closely 
similar  modification  of  the  third  maxillipeds  is  found  in  Mr.  Stel>- 
bing's  genus  Die} 

t  Zool.  Jahrb.  Syst.,  vol.  17, 1902,  p.  449,  text  figs. 
s  Ann.  ]Ci«.  Nat.  Hist.,  ser.  8,  vol.  1, 1908,  p.  289. 
*  Ann.  B.  Afr.  lias.,  voL  6, 1910,  p.  415,  pL  47. 
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Localities, — Chignik  Bay;  7-18  fathoms;  sand;  W.  H.  Dall; 
U.S.N.M.  43092;  10  females. 

AJhatross  station  2884;  oflF  Oregon,  lat.  45''  55'  N.;  long.  124^  2'  W.; 
29  fathoms;  bottom  temperature,  50.2''  F.;  U.S.N.M.  43091 ;  2  females. 


FlO.  90.~I>USTTLOPflI8  DAWSONI,  MALI,  FBOlf  THM  flDtt. 

ATb(Uro88  station  4442;  Monterey  Bay,  Califorma;  26-31  fathoms; 
U.S.N.M.  43093;  4,  male  and  female. 

Alb(Uro88  station  4564;  Monterey  Bay,  CaUfomia;  9-10  fatiioms; 
U.S.N.M.  43094;  1  female. 

DIASTY1X>PSIS  (?)  RBSEMA  (Ki#y«r). 

Cuma  renma  Kb0ykb,  Naturh.  Tidsekr.,  eer.  2,  vol.  2, 1846,  p.  165,  pi.  2,  figs.  2a-b. 
Diattylopns  resima  G.  O.  Sara,  Crust.  Norway,  vol.  3,  1900,  p.  66,  pi.  47. 

Sars  quotes  Verrill  as  authority  for  the  occurrence  of  this  species 
on  the  Atlantic  coast  of  North  America,  but  I  have  not  been  able 
to  find  the  record  to  which  he  refers.  The  species  occurs  on  the  coast 
of  South  Greenland  (Kr0yer).  As  Zimmer  points  out,*  the  relation- 
ship of  this  species  to  Dia8iylop8i8  daw8oni  is  by  no  means  close,  and 
it  is  doubtful  whether  the  definition  of  the  genus  can  be  stretched  to 
include  it  along  with  some  of  the  other  species  that  have  been  regarded 
as  congeneric. 

Locality.— AU>atro88  sisiiion  2497;  off  Nova  Scotia,  lat,  45*^  04'  00" 
N.;  long.  59^  36'  45"  W.;  57  fathoms;  bottom  temperature,  33°  F.; 
U.S.N.M.  44057;  6  females. 

OXYUROSTYLIS,  new  genus. 

Resembling  Diastylis  in  general  characters,  but  with  the  telson 
tapering  to  an  acute  point  and  without  apical  spines.  The  carapace 
is  not  elongated  and  has  no  antennal  notch.  The  lateral  portions  of 
the  third  and  fourth  free  thoracic  somites  are  not  greatly  produced 
backwards  and  there  is  no  interval  between  the  second  and  third 
pairs  of  legs.  The  antennule  has  a  brush  of  hairs  in  the  male.  The 
penultimate  segment  of  the  antenna  is  enlarged  in  the  female.  The 
third  maxilliped  has  an  exopod  in  both  sexes.  The  third  and  fourth 
pairs  of  legs  have  exopods,  vestigial  in  the  female  but  well  developed 
in  the  male.    The  male  has  two  pairs  of  biramous  pleopods. 

I  Cmnaoeeii,  Dentsoh.  Tlefsee  Bzped.,  1906,  p.  184. 
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Except  for  one  character  it  would,  I  believe,  be  impossible  to 
exclude  the  species  described  below  from  the  genus  Diastylis.  That 
character,  the  structure  of  the  apex  of  the  telson,  is,  however,  one 
that  infringes  the  current  definition  of  the  family  Diastylidse,  and 
on  this  account  it  seems  advisable  to  distinguish  the  species  by  a 
generic  name  from  the  assemblage  of  unclassified  Diastylidse  that 
form  the  genus  Diastylis. 

It  is  to  be  noted  that  the  simply  pointed  apex  of  the  telson  shows 
no  trace  of  the  coalescence  of  a  median  apical  spine  like  that  of 
PsevdodiaMylis.  From  that  genus  the  present  species  differs  widely 
in  most  of  its  characters. 

Type-species, — Oxyurostylis  smithi,  new  species. 

OZTUROSTYUS  SMrrm,  new  species. 

Immature  ferruUe. — ^Total  length,  6.6  mm. 

Carapace  rather  less  than  one-third  of  total  length,  its  depth 
less,  and  its  width  slightly  more  than  two-thirds  of  its  length.  The 
dorsal  edge,  as  seen  from  the  side,  is  arched  posteriorly,  sloping  in 


FlO.  91.— OXYUBOSTTLIS  SMITHI,  IHMATURK  7EMALK,  7BOM  THE  SIDE. 

front  to  the  short  horizontal  pseudorostrum.  There  is  no  antennal 
notch  and  the  antero-lateral  angle  is  hardly  indicated.  On  each 
side  of  the  carapace  are  two  parallel  oblique  ridges  uniting  with 
each  other  on  the  lower  edge  while  their  upper  ends  are  connected 
by  a  short  longitudhial  ridge  forming  one  side  of  the  depressed 
** cardiac"  area;  in  front  of  these  is  a  short  sinuous  ridge  passing 
forward  on  to  the  side  of  the  pseudorostrum;  on  the  dorsal  surface, 
the  frontal  lobe  is  crossed  by  two  prominent  transverse  ridges  and 
two  others,  much  fainter,  behind  these.  The  ocular  lobe  is  broader 
than  long  and  about  half  as  long  as  the  line  of  junction  of  the  lateral 
plates  of  the  pseudorostrum;  there  is  no  ocular  pigment  and  the 
visual  elements  are  indistinct. 

All  the  leg-bearing  somites  are  distinct;  the  postero-laterai  comers 
of  the  last  thoracic  somite  are  very  slightly  produced  and  bluntly 
pointed. 

The  abdomen,  including  the  telson,  is  longer  by  about  one-sixth 
than  the  cephalo  thoracic  region  and  the  last  somite  is  a  little  shorter 
than  the  preceding.    The  telson  is  about  one  and  one-half  times 
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as  long  as  the  last  somite,  inflated  at  the  base  but  very  slender 
distally,  the  post-anal  part  about  four-sevenths  of  its  length.  There 
are  about  six  pairs  of  rather  long  and  slender  lateral  spines  and  no 
apical  spines  at  all;  the  telson  tapers  evenly  from  the  post-anal  con- 
striction to  an  acute  and  upturned  point  which  extends  well  beyond 
the  last  pair  of  lateral  spines. 

The  antennules  have  the  first  segment  of  the  peduncle  nearly  as 
long  as  the  second  and  third  together,  the  second  about  two-thirds  as 
long  as  the  third.  The  outer  flagellum  is  composed  of  five  s^ments 
and  the  inner  of  three;  the  latter  extends  beyond  the  middle  of  the 
second  segment  of  the  former. 

The  penultimate  segment  of  the  antenna  is  expanded  and  flattened, 
with  one  or  two  teeth  on  the  margin;  the  terminal  seg- 
ment is  of  moderate  size. 

The  mouth-parts  from  the  mandibles  to  the  second 
maxillipeds  appear  to  present  no  conspicuous  divergences 
from  the  normal  type  of  the  Diasty- 
lidse.    The  third  maxillipeds  have 


FlOS.  92-96.— OZTUBOSTTUS  BMXTSI,  DIMATURB  PBMALK.     92,  ANTERIOR  PART  OP  BODY  FROM  ▲BOTB; 
93,  ANTEMNULB  AND  ANTENNA,'  94,  TBIRD  MAXILUrED;  95,  FIRST  LEO. 

the  basis  much  expanded  distally,  its  greatest  width  being  nearly  one- 
third  of  its  length  along  the  inner  edge;  it  is  produced  at  the  distal 
outer  comer  into  a  bluntly  pointed  lobe.  The  ischium  is  produced 
externally  into  a  long  pointed  process.  The  merus  is  narrow.  There 
is  a  well  developed  exopod. 

The  basis  of  the  first  leg,  measured  along  its  inner  edge,  is  about 
as  long  as  the  distal  segments  together.  The  carpus  and  propodus 
are  subequal  and  longer  than  the  dactylus.  The  basis  of  the  second 
legs  is  about  as  long  as  the  distal  segments  together;  the  carpus 
is.  a  trifle  longer  than  the  propodus  and  dactylus  together. 

The  posterior  pairs  of  legs  are  stout.  The  third  and  fourth  have 
each  a  minute  exopod  of  two  segments  placed  unusually  near  the 
proximal  end  of  the  basis  and  therefore  veiy  easily  overlooked. 
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The  peduncle  of  the  uropods  falls  a  little  short  of  the  tip  of  the 
telson  and  has  about  ten  strong  spines  on  its  inner  edge.  The  rami 
are  subequal,  and,  excluding  the  terminal  spines,  about  two-thirds 
as  long  as  the  peduncle.  The  endopod  has  three  segments,  of  which 
the  first  is  distinctly,  and  the  third  slightly, 
longer  than  the  second;  there-  are  about  eight 
spines  on  the  inner  edge  and  a  stout  terminal 
spine.  The  exopod  has  a  few  slender  spines  on 
its  outer  edge. 

MaU. — Total  length,  7.3  mm. 

Carapace  less  than  one-third  of  total  length,  its 
depth  distinctly  less  than  two-thirds  of  its  length, 

^  the    dorsal   outline 

less  arched  than  in 


Fia.  96.— OXYUBOSTTLIS 
8MITHI,  IMMATURE  FE- 
MALE, FOUSTH  LEO. 


the    female.      The 

ridges  of  the  carapace  are  arranged  as 
in  'the  female,  but  there  are  only  two 
transverse  ridges  on  the  frontal  lobe  and 
there  is  a  horizontal  ridge  a  little  above 
the  lower  margin  between  the  hinder 
edge  and  the  posterior  obhque  ridge. 

The  postero-lateral  angles  of  the  last 
thoracic  somite  are  strongly  produced 
and  acute.  The  telson  is  twice  as  long 
as  the  last  somite,  with  about  seven 
pairs  of  lateral  spines.  It  is  dorsally 
*' humped"  in  the  usual  way  and  the 
structure  of  the  apex  is  as  in  the  female. 
The  antennules  have  the  third  seg- 
ment of  the  peduncle  about  as  wide  as 
the  first,  with  a  terminal  brush  of  fine  setsB.  The  convex  area 
bearing  the  setae  is,  however,  distinctly  defined  from  the  body  of 


Fia.  97.— OrruEosTYLis   bmithi,  imma- 
ture female;  a,  last  somite,  telson, 

AND  UROPOD  FROM  ABOVE;  6,  APEX  OF 
TELSON  FROM  THE  SIDE,  FURTHER  EN- 
LARGED. 


FlO.  98.— OXTUROOTTLIS  BMITHI,  MALE,  FROM  THE  SIDE. 

the  segment  by  a  line  of  apparent  articulation,  and  it  would  seem 
to  be  in  fact  the  enlarged  proximal  segment  of  the  outer  flagellum.* 

^l  suspect  that  a  similar  arrangQment  will  be  found  in  all  those  Diastylida  which  have  been  described 
as  carrying  a  brush  of  seta  on  the  male  antennular  peduncle.  Compare  also  the  structure  of  the  male 
antennule  in  HeUroeuma  wOferi.   (Rep.  Cumaoea  Siboga,  p.  7,  pi.  1,  fig.  9.) 
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Beyond  this  setose  basal  segment  the  flagellum  has  five  segments. 
The  inner  flagellum  is  composed  of  four  segments.  The  setae  on  the 
anterior  face  of  the  antennal  peduncle  are  relatively  short ;  the  flagel- 
lum extends  back  to  the  tip.  of  the  uropod  peduncles. 

Strongly  developed  exopods  are  present  on  all  the  legs  except  the 
last  pair. 

The  first  and  second  pairs  of  pleopods  are  biramous  with  the 
exopod  of  two  segments. 

The  peduncle  of  the  uropods  extends  a  little  beyond  the  tip  of  the 
telson  and  has  about  20  spines  on  its  inner  edge.    The  endopod  is 

distinctly  longer  than  the  exopod^  its  second 
and  third  segments  subequal,  and  shorter 
than  the  first;  there  are  about  20  spines  on 
the  inner  edge. 

Remarks. — Several  lots  of  this  species  are 
labeled  as  having  been  taken  at  the  surface. 
The  thin  and  only  lightly  calcified  integu- 
ment suggests  that  the  species  is  adapted 
for  a  partly  pelagic  life. 

The  specific  name  is  chosen  in  recogni- 
Fio.  99.— oxTUBosTYLis  8MITHI,    (^iqh  of  my  indcbtcdness  to  the  writings  of 

MALE,  ANTENNT7LE.  Tfc^    #     O      T     O        "xl. 

Prof.  S.  I.  Smith. 

Localities,— CoBCO  Bay;  U.  S.  F.  C,  1873;  U.S.N.M.  34899;  1  male. 

Vineyard  Sound;  surface;  U.  S.  F.  C,  1881;  U.S.N.M.  44152, 
44154;  8,  male  and  female. 

Vineyard  Sound;  U.S.N.M.  34897;  1  female. 

Woods  Hole;  surface;  U.  S.  F.  C,  1882;  U.S.N.M.  44145;  1  female, 
2  males. 

Woods  Hole;  sxuface;  V.  N.  Edwards,  Bureau  of  Fisheries; 
U.S.N.M.  44159-44165;  many  males  and  females  (including  holotype, 
44162). 

Punta  Rassa,  Florida;  1  fathom;  H.  Hemphill;  U.S.N3f.  44147; 
1  female. 

Calcasieu  Pass,  Louisiana;  tow,  wharf;  M.  H.  Spaulding,  September, 
1907;  U.S.N.M.  44146;  1  male. 

COLUROSTTLIS  (?)  OCCmEITrALIS,  new  •pedes. 

Ovigerous  female. — Total  length,  12  mm.  (An  imperfect  specimen 
of  an  ovigerous  female  must  have  exceeded  this  length  by  about 
one-third  when  complete.) 

The  carapace  is  about  two-sevenths  of  the  total  length,  its  vertical 
height  about  two-thirds  of  its  length,  and  its  width  a  little  less;  not 
inflated,  with  its  dorsal  edge  as  seen  from  the  side  slightly  arched 
posteriorly  then  sloping  downward  to  the  short  horizontal  pseudo- 
rostrum.    The  antero-lateral  margin  below  the  pseudorostrum  is 
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nearly  straight  and  vertical  and  is  defined  below  by  a  strong  antero- 
lateral tooth.  On  each  side  of  the  carapace  are  four  obUque  ridges; 
the  first  ridge  does  not  pass  on  to  the  dorsal  surface  above,  and  near  its 
lower  and  anterior  end  it  is  bent  upward  at  a  right  angle  to  pass  on 
to  the  side  of  the  pseudorostrum;  the  other  three  ridges  are  parallel 
to  one  another,  the  second  ending  below  on  the  antero-lateral  tooth 


Fko.  100.— CoLUBoerrus  (7)  oocidbiytalis,  female,  rsoii  the  sms. 

and  the  other  two  on  the  lower  edge  of  the  carapace ;  above,  the  second 
and  the  fourth  pairs  of  ridges  are  continued  across  the  dorsal  surface, 
while  the  third  pair  bend  forward  to  meet  the  second.  The  ocular 
lobe  is  small,  broader  than  long,  and  shorter  than  the  line  of  junction 
of  the  lateral  plates  of  the  pseudorostrum;  there  is  no  pigment,  but 
three  rather  large  lenticular  elements  can  be  seen. 


101  102  103 

FlOS.  101-103.— COLTTBOSTTLIS  (?)  OCODEMTAUS,  FEMALE.     101,  ANTEBIOB  PAST  OF  BODT  FROM  ABOVE; 

102,  FBEE  THOBAQC  SOMITES  FROM  THE  SIDE,  FLEUBAX  PLATES  OF  THIBD  SOMITE  PABTLT  CUT  AWAT;  ' 

103,  ANTENNULE. 

The  first  free  thoracic  somite  is  only  exposed  on  the  dorsal  side, 
its  lateral  portions  being  overlapped  by  the  second  somite.  The 
lateral  plates  of  the  second  somite  are  greatly  expanded  and  are 
separated  from  the  tergum  by  a  deep  narrow  incision  of  the  anterior 
margin.  The  pleural  plates  of  the  third  somite  are  also  greatly 
expanded,  overlapping  those  of  the  second  somite  above  and  pro- 
duced backward  below.     The  third  and  fourth  somites  have  a 
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median  dorsal  keel.  The  tergum  of  the  fourth  somite  is  produced 
backward  in  the  middorsal  line,  where  its  length  is  equal  to  that 
of  the  three  preceding  somites  together;  its  lateral  plates  are  not 
expanded,  but  ore  slightly  produced  downward  between  the  coxie 
of  the  third  and  fourth  pairs  of  legs;  each  lateral  plate  is  defined  by 
a  sutiu^  line  at  about  half  the  height  of  the  somite.  The  fifth  somite 
has  its  anterior  margin  coarsely  serrate,  with  rather  widely  separated 
teeth;  it  has  a  pair  of  dorso4ateral  keels  which  are  continued  into  the 
strong,  vertically  compressed,  slightly  upturned,  and  acutely  pointed 
postero-lateral  teeth. 

The  abdomen  is  a  little  shorter  than  the  cephalothoracic  region; 
the  last  somite  is  about  half  as  long  as  the  preceding.  The  telson 
is  half  as  long  as  the  last  somite,  little  longer  than 
broad,  rounded,  and  quite  unarmed;  the  tip  does 
not  project  beyond  the  anal  valves. 

The  antennules  have  the  second  segment  of  the 
peduncle  very  stout,  about  half  as 
long  as  either  the  first  or  the  third; 
bhe  inner  flagellum  has  three  segments 
and  is  about  half  as  long  as  the  first 
segment  of  the  outer  flagellum. 

The  antenna  is  composed  of  four 
distinct  segments; 
the  penultimate  is 
expanded,  ovate, 
serrated  on  both 
edges;  the  last  seg- 
ment is  very  mi- 
nute and  inserted  lolT  ^  los  io6 

within  the  mars^in    ^<*^  IO4-IO6.— Colubosttlis  (T)  occidkmtalis,  fbmale.    104,  Amtenki; 

.  . ,  J.       °  105,  THIED  MAXILUPED;  106,  ITE8T  LEQ. 

of  the  preceding. 

The  mandible  and  other  mouth  parts  are  of  normal  form.  The 
third  maxillipeds  have  the  basis  only  slightly  expanded  and  not  pro- 
duced at  its  distal  angle.  The  ischium  bears  a  curious  comblike  row 
of  short  spines  on  its  outer  margin. 

The  first  legs  have  the  basis,  measured  along  the  inner  edge,  twice 
as  long  as  the  distal  segments  together;  the  carpus  and  propodus  are 
subequal,  the  dactylus  a  little  shorter.  The  second  legs  have  the 
basis  expanded,  less  than  twice  as  long  as  broad,  and  about  half  as 
long  as  the  distal  segments  together;  the  merus  is  a  little  more  than 
half  as  long  as  the  carpus,  which  is  one  and  a  half  times  as  long  as 
the  propodus  and  more  than  twice  as  long  as  the  dactylus. 

The  third  and  fourth  pairs  of  legs  each  bear  a  conspicuous  exopod 
of  two  segments. 
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The  peduncle  of  the  uropods  is  about  two  and  a  half  times  as  long 
as  the  last  somite^  with  a  row  of  rather  longish  spines  on  its  inner  edge. 
The  exopod  is  about  half  as  long  as  the  peduncle  and  the  endopod 
about  three-quarters  as  long  as  the  exopod.  The  endopod  is  composed 
of  three  segments^  of  which  the  first  is  nearly  four  times  as  long  as 
the  other  two  together;  the  terminal  segment  is  of  very  unusual  form, 
having  a  strong  compressed  spine  produced  backward  from  its  lower 
surface  and  projecting  far  beyond  the  bluntly  rounded  tip.  Both 
exopod  and  endopod  bear  spines  on  their  outer  and  inner  edges. 

AdvU  indie. — ^Total  length,  11.8  mm. 

Resembling  the  female  except  that  the  general  form  is  more  slender, 
with  the  cephalothoracic  region  less  inflated  and  the  carapace  slightly 


107  108  109 

Figs.  107-109.— CoLXTBOSTTua  (7)  oocidxktaus,  fxmalx.    107,  Seoohd  lxo;  108,  thikd  leg;  109,  a,  labt 

SOMITX,  TELSON,  AND  X7BOFOD  FBOM  ABOVE;  b,  HP  OF  EXDOPOD  FBOM  THE  SIDE,  VUEllBES  ENLABOED. 

depressed.  The  ridges  of  the  carapace  are  less  prominent  and  the  eye 
much  larger  and  more  distinct,  although  without  pigment.  There  is 
no  dorsal  keel  on  the  third  free  thoracic  somite,  but  the  fourth 
somite  is  as  in  the  female.  The  expanded  pleural  plates  of  the 
third  somite  are  somewhat  swollen  and  are  separated  from  the  dorsal 
part  of  the  somite  on  each  side  by  a  shallow  groove  in  line  with  the 
pleural  suture  of  the  fourth  somite.  Each  of  the  first  two  abdominal 
somites  has  a  strong,  backwardly  curved  tooth  in  the  midventral 
line  in  front  of  the  attachment  of  the  pleopods,  and  each  of  the  three 
following  somites  has  a  pair  of  articulated  spines  on  the  ventral  side 
behind  the  middle  of  its  length.  The  telson  is  longer  than  in  the 
female,  with  the  dorsal  surface  hollowed;  its  rounded  distal  edge 

94428^— Proc.N.M.vol.41— 11 43 
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projects  beyond  the  anal  valves  and  bears  about  four  setse  directed 
downward. 

The  distal  s^ment  of  the  antennular  peduncle  is  not  enlarged; 
there  is  a  rather  scanty  brush  of  hairs  springing  apparently  from  the 
enlarged  first  segment  of  the  outer  flagellum.  The  antenna!  flageUum 
is  as  long  as  the  body.    The  first  four  pairs  of  legs  carry  well-developed 


FIO.  110.— COLUmOSTTUS  (?)  OCODENTALIS,  MALB,  FBOlf  THS  SIDE. 

exopods.    Both  pairs  of  pleopods  are  biramous,  with  the  exopod  in 

each  case  of  two  segments.    The  uropods  resemble  those  of  the  female, 

but  are  provided  with  much  more  numerous  spines.' 
Remarks. — ^This  species  resembles  Cclurosiylis  pseudocuma^  in  the 

small  size  of  the  telson  and  in  the  general  characters  of  antennules, 

antennsB,  and  male  pleopods.     It  differs,  however,  in  many  important 

characters,  and  it  is  peb- 
ble that  some  of  these, 
especially  the  peculiar 
form  of  the  thoracic  pleu- 
ral plates,  the  expanded 
penijltimate  segment  of 
the  female  antenra,  and 
the  remarkable  structure 
of  the  endopod  of  the  uro- 
pods deserve  to  be  recog- 
nized by  making  it  the 
type  of  a  separate  genus. 

In  having  the  endopod  of  the  uropods  of  three  s^ments  it  is  nearer 

the  normal  type  of  the  Diastylidse  than  C.  paeudocuma.    The  narrow 

notch  on  the  anterior  margin  of  the  second  free  somite  recalls  that  of 

Diastylopsis  dawaoni. 
Localities.— Alhatross  station  3094;  off  Oregon,  lat.  43*"  01'  00"  N.; 

long.  124°  30' 30"  W.;   35  fathoms;  bottom  temperature,  46.7°  F.; 

U.S.N.M.  44010;  1  female  (holotype). 

Pacific  Grove,  California;   J.  O.   Snyder,   July,  1895;  U.S.N.M. 

44009;  4,  male  and  female. 
Albatross  station  4564;    Monterey  Bay,  California;    9  fathoms; 

U.S.N.M.  44008;  1  female. 


Ill  112 

FlOS.  111-113.— COLUSOSTTUS  (?)  OOODENTALIfl,    MAIJB. 
ANTBNNULE;  112,  LAST  SOMITX  AND  TSLflOlf. 


Ill, 


1  Calmao,  Trans.  ZooL  Boo.,  vol.  18, 1911,  p.  377,  pi.  36,  figs.  23-36. 


Digitized  by 


Google 


NO.  1876.      ON  THE  CRUSTACEAN  ORDER  CUMACEA—CALMAN.  675 

PBTALOSARSIA  DBCUVIS  (G.  O.  San). 

Petalopus  decliviB  G.  0.  Sars,  Forh.  Vidensk.  Selsk.  Ghriatiania,  1864  (1865), 

p.  197. 
Pettdowrna  duUvia  6.  O.  Sabs,  Crust.  Norway,  vol.  3, 1900,  p.  77,  pi.  54. 

On  the  coasts  of  Europe  this  species  is  known  to  range  from  Franz- 
Joseph  Land  to  Heligoland  and  the  Irish  Sea.  It  has  not  hitherto 
been  recorded  from  the  American  coasts. 

Localities, — Albatross  station  2458;  oflf  Newfoundland;  89  fath- 
oms; bottom  temperature  29.5°  F.;  U.S.N.M.  44149;  1  female. 

U.S.F.C.  station  993;  oflF  Marthas  Vineyard;  39  fathoms;  bottom 
temperature,  46.5°  F.;  U.S.N.M.  44150;  1  female. 

BIBLIOGRAPHY  OP  AMERICAN  CUMACEA.. 

Sat,  Thoicas.—Aii  account  of  the  Crustacea  of  the  United  States  (continued). 

Joom.  Acad.  Nat  Sd.  Philadelphia,  vol.  1,  Nos.  11  and  12»  1818,  pp.  31^-319. 

DiattyUB  arenarius  described  from  a  slxic^e  male  individual  taken  from  sand  in  a  shore-pool  on  the 
^Goast  of  Oeorgia  and  Floilda."  This  spedss,  the  genotype  of  the  ezteosive  gonns  DkutylUt  has  not 
dnce  been  lediaoovered. 

NiCM)LBT,  H.— Crustaceoe. 

In  Historia  fftfi»  y  polltioa  de  Chile,  por  Claodio  Oay,  Zoologla,  vol.  8.    Fails,  1849.    AUas,18S4. 
On  p.  220  Ouma  gafi  ia  described,  and  it  is  figured  on  pi.  3  (Crostaceos),  fig.  1-16,  in  the  Atlas.    It 
appears  to  be  a  species  of  DkutifUa,  but  has  not  since  been  recognised. 

Stimpson,  W. — Synopsis  of  the  marine  invertebrata  of  Grand  Manan. 
Smiths.  Contr.,  vol.  6,  Art.  ft,  1853, 68  pp.,  3  pis. 

Cuma  bitpinoiaf  new  spedes,  is  described  on  p.  39.  Bee  remarks  under  DiattiyUt  quadritpinota 
above. 

Sars,  G.  0. — Nya  arter  af  Cumacea  samlade  under  k.  svenska  korvetten  Josephines 
Expedition  i  Atlantiska  Oceanen  &r  1869  af  F.  A.  Smitt  och  A.  Ljungman. 
Oefvers.  Kgl.  Vet  Akad.  F5rh.,  vol.  28, 1871,  No.  1,  pp.  71-81. 

— . — Beskrivelse  af  de  paa  Fregatten  Joeephxnea  Expedition  fundne  Cumaceer. 
Kgl.  Svenska  Vet.  Akad.  Handl.,  vol.  9,  No.  13, 1871, 57  pp.,  20  pis. 

In  these  two  papers  the  following  species  are  described  from  the  Atlantic  coast  of  North  America: 
DkutplU  tctdpta,  D.  quadriiplnoBa,  D.  oMr^oiota,  BudoreOa  piMiOa,  R  hUplda,  all  new  spedss,  and 
BudoreUa  (now  EudorOlopHs)  d^ormit  Kr^yer. 


-Beskrivelse  af  fire  Vestindiske  Cumaceer  opdagede  af  Dr.  A.  Gods. 


Oefvers.  Kgl.  Vet  Akad.  F0rh.,  vol.  28, 1871,  No.  6,  pp.  803-811. 


.—Beskrivelse  af  syv  nye  Cumaceer  fra  Vestindien  og  det  Syd-A  tlantieke  Ocean . 

KgL  Svenska  Vet  Akad.  Handl.,  voL  11,  No.  5, 1873, 30  pp.,  6  pis. 

In  these  papers  DiattyUs  antlUetuu,  Leueon  anofnaltu,  CampjflasplM  pukhOUif  and  Stepkanomma 
goUii  are  described  finom  the  West  Indies,  and  Ditutylit  ftmbriata,  LeplottflU  manoaf  and  LepUxuma 
lUnberfH  from  the  Atlantic  coast  of  South  America.    All  are  new  spedss. 

Smith,  S.  I. — Crustacea,  in  Report  upon  the  Invertebrate  animals  of  Vineyard  Sound 
and  the  Adjacent  waters. 

Rep.  U.  8.  Gomm.  Fisheries,  1871-1872  (1873).    Cumacea,  pp.  554-555. 
Diattylit  guadriiplnoea  is  figured  (pi.  3,  fig.  13). 

WHiTBAVBSy  J.  F. — On  recent  deep-sea  dredging  operations  in  the  Gulf  of  St 
Lawrence. 

Amer.  Jour.  ScL,  voL  7, 1874,  pp.  210-219. 
. — Report  on  Deep-sea  dredging  operations  in  the  Gulf  of  St.  Lawrence. 


20  pp.    Printed  in  Ottawa,  1874. 

Seven  species  of  Cumacea  are  reoordBd  as  identifled  by  Prof.  8. 1.  Smith. 
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Skttr,  S.  I.— Notes  on  Crustacea  coUected  by  Dr.  6.  M.  Dawson  at  Vancoaver  and 
the  Qaeen  Charlotte  Islands. 

Qeol.  Survey  Ouiada  Rept  187»-79  (1880),  pp.  a06B-218B. 

DkutifloptiM  dawwonif  new  genus  and  new  speote,  b  described  from  Queen  Chariotto  Islands.  TUi 
species  has  been  ledeMribed  and  flgnred  above. 

.^The  8talk-eyed  Crustaceans  of  the  Atlantic  Coast  of  North  America  north  of 

Cape  Cod. 

Trans.  Coon.  Acad.,  vol.  5, 1879,  i^  28-188,  pis.  8-12. 

This  is  the  most  Important  jpaper  on  the  Comaoea  of  the  Atlantic  coast.  Seventeen  ipoeieB  an 
reoorded,  of  which  three  an  new.  With  the  exceptions  of  iHssdrUf  ahtreviata  G.  O.  San,  LefHoat^Bt 
longimana  (O.  O.  San), and  L,  ampnttacea  (I/lUJeborK),all  the  species  are  represented  In  the  reHfrllnn 


MuBDOCH,  JoHN.^Siarine  Invertebrates  (exclusive  of  Mollusks). 

Rep.  International  Polar  Exp.  Point  Banow,  Alaska,  1886,  i^  196-170, 2  pis. 
PteiCyllf  nrfUti  var.  is  reoorded  from  the  north  ooast  of  Alaska. 

Sabs,  G.  O. — ^Report  on  the  Cumacea. 
Challenger  Reports,  1886, 78  pp.,  11  pis. 

BttdorOia  abfui,  new  species,  and  DiattgUt  Mt^glm  O.  O.  San  are  reoocded  Ihiin  depOis  < 
IfiOO  Csthoms  off  the  Atlantic  ooast 

Hansen,  H.  J.— Isopoden,  Cuniaceen  u.  Stomatopoden  der  Plankton-Expedition,  1895, 
105  pp.,  8  pis. 

Poekyttyttt  roHradote,  new  ganos  and  new  species  from  off  the  coast  of  Bradl,  and  Nammutlmntt  htm' 
tut,  new  qwcies  firom  the  Bermadas,  are  described  in  this  memoir. 

ZoMUERf  Cabl. — Cumaceen. 

In  Hamburger  Magalhannslfwhfl  Sammelreise,  19QS,  18  pp.,  text  Hgs. 

Six  new  qiecjes  are  described  from  the  coasts  of  Patagonia  and  the  Magpillan  region. 

Oalman,  W.  T.— On  new  or  rare  Crustacea  of  the  Order  Cumacea  from  the  collection 
of  the  Copenhagen  Museum. 

Fart  1,  Tnns.  Zod.  Soo.,  vol.  18,  pp.  1-^,  pis.  1-0, 1907;  Part  2,  pp.  341-385,  pis.  31-^,  1911. 

Six  new  species  are  described  from  the  West  bidtes  and  one  species  is  reoorded  from  the  Statti  d 


&ifHEB,  Cabl. — Die  Cumaceen  der  Schwedischen  Sadpolarexpedition,  31  pp.,  8  pb., 
1909. 

Two  species  are  reoorded  fh>m  the  Falkland  Islands. 
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[SCIENTIFIC  RESULTS  OF  THE  FHILIFFINE  CRUISE  OF  TBE  FISHERIES  STEAMER 
«ALBATROSSr  1907-10-— No.  15] 

THE  SQUALOID  SHARKS  OF  THE  PHILffPINE  ARCHI- 
PELAGO, WITH  DESCRIPTIONS  OF  NEW  GENERA  AND 
SPECIES. 


By  Hugh  M.  Smith,* 

Xhdied  SiaUB  Deputy  Commisnoner  of  FMeriei 
and  Director  of  the  Albatrose  Philippine  Expedition. 


No  sharks  of  the  family  of  SqualidsB  have  up  to  this  time  been 
recorded  from  the  Phihppine  Islands.  The  Albatross  collection  con- 
tains numerous  specimens  representing  six  species:  two  of  them  are 
Japanese  and  the  remaining  four  are  undescribed.  Two  of  the 
latter  belong  in  known  genera,  while  each  of  the  other  two  necessi- 
tates the  erection  of  a  new  genus  for  its  accommodation.  All  of 
the  species  herein  noted  inhabit  rather  deep  water  and  are  of  small 
size. 

The  genera  of  squaloid  sharks  represented  in  the  Philippine  fauna 
may  be  diagnosed  as  follows: 

Key  to  genera  of  Philippine  egualoid  eharls. 

a.  Both  donal  fins  well  developed  and  elevated,  and  each  with  a  conspicuous  ante- 
cedent spine;  caudal  fin  more  or  less  elongate;  snout  not  conical. 
5.  Snout  of  moderate  breadth  and  depressed  but  not  flat. 
c.  Teeth  in  upper  jaw  simple,  without  basal  cusps. 
d.  Teeth  alike  in  both  jaws,  with  laterally  deflected  point  and  horizontal  or 

oblique  cutting  edge Squalue, 

d^.  Teeth  unlike  in  both  jaws,  those  in  upper  jaw  erect  or  neariy  so,  those  in 

lower  jaw  oblique,  with  laterally  deflected  point Lepidorhinus. 

c^.  Teetbinupper  jaw  with  two  or  four  basal  cusps... Etmopterue. 

h^.  Snout  very  broad  and  flat Nanequalue. 

a\  Both  dorsal  fins  small;  second  dorsal  very  long  and  low,  without  vestige  of  spine; 
caudal  fin  comparatively  short  and  broad;  snout  conical Sg^ualiolui. 


SQUALUS  PHnJPPINUS  Smitti  and  Sadclifie^  new  spadM, 

Plate  51. 

Body  rather  slender,  moderately  compressed,  back  somewhat 
elevated;  caudal  pedimcle  long,  depressed,  .5  head,  least  depth  .25 
length,  a  depressed  keel  on  either  side;  tail  not  bent  upward  head; 

1  In  the  study  of  this  ooUeotlon  the  writer  bas  been  assisted  by  lir.  Lewis  RadcUfle,  wbo  becomes  Joint 
anthorlty  for  the  new  genera  and  speoies  described. 
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broad,  4.33  in  total  length,  its  width  more  than  .5  its  length;  snout 
short,  obtusely  pointed,  .33  head;  eye  large,  lateral,  rather  shorter 
than  snout  and  .66  interorbital  space;  mouth  broad,  very  sli^tly 
curved,  its  width  less  than  .33  length  of  head  and  its  distance  from 
end  of  snout  equal  to  distance  to  first  gill  slit;  nostrils  small,  midwaj 
from  tip  of  snout  to  middle  of  pupil;  spiracles  small,  immediately 
above  posterior  comer  of  eye  and  separated  therefrom  by  a  narrow 
fold  of  skin;  skin  soft  to  touch,  the  denticles  small,  dense,  and  con- 
sisting of  a  long,  pointed  spine  and  two  smaller  lateral  spines  on  a 
flat  base. 

First  dorsal  fin  placed  well  forward,  its  origin  midway  between 
tip  of  snout  and  second  dorsal,  the  spine  more  than  .5  height  of  fin; 


Fio.  1.— Squalus  PBiLippnnrs.   Undsb  sidi  or  hxad.   Enlasosd  about  one-foubth. 

second  dorsal  much  smaller,  its  origia  much  nearer  to  origin  of  first 
dorsal  than  to  tip  of  caudal,  the  spine  more  curved  and  rather  stouter 
than  the  other  and  .75  height  of  fin;  caudal  fin  rather  large  and 
spreading,  longer  than  head,  lower  lobe  broad,  more  than  .5  total 
length  of  fin;  ventrab  small,  their  origin  nearer  to  spine  of  first  dorsal 
than  to  spine  of  second;  pectorals  broad,  posterior  margin  slight!/ 
incised,  tips  extending  to  posterior  end  of  dorsal  base. 

Color:  Above  dark  gray,  below  light  gray;  outer  part  of  dorsal 
fins  black,  base  pale;  middle  of  caudal  black,  the  lobes  light  yellowish 
gray;  a  small  light  spot  on  base  of  pectoral  immediately  behind  the 
last  gill  opening. 
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Type. — Cat.  No.  70256,  U.S.N.M.,  a  young  male  specimen  32.6 
cm.  long,  taken  with  a  beam  trawl  January  16,  1908,  at  station  5111 
aat.  13°  46'  16"  N.;  long.  120°  46'  30"  E.),  oflf  Sombrero  Island, 
west  coast  of  Luzon,  at  a  depth  of  236  fathoms. 

This  species  appears  to  differ  from  8.  mitsvJcurii  from  Japan  in  the 
much  more  anterior  insertion  of  the  ventral  fins,  longer  caudal  fin, 
larger  lower  caudal  lobe,  larger  anterior  dorsal  fin,  much  larger  pec- 
torals, aad  greater  arching  of  back.  The  drawing  and  the  descrip- 
tion^ of  that  species  do  not  harmonize;  and  not  having  access  to  the 
types  we  are  unable  to  verify  the  differences  between  the  two  species. 
8.  megalops  from  Australia  may  apparently  be  distinguished  from  this 
species  by  the  more  posterior  insertion  of  ventrab  and  shorter  pec- 
torals, shorter  snout,  etc. 

LEPmOKHDVXrS  FOUACBUS  G^ntbar. 

A  specimen  31  cm.  long  was  taken  with  a  beam  trawl  on  August  3, 
1909,  between  the  islands  of  Leyte  and  Mindanao,  at  a  depth  of  960 
fathoms.  It  is  a  male  with  very  feeble  development  of  claspers,  and 
agrees  closely  with  the  description  and  figure  of  the  type*  from 
Japan,  except  that  the  second  dorsal  fin  is  lower  and  the  pectorals 
are  a  Uttle  longer. 

STMOPTBRUS  LUCIFBR  Jofdan  and  Snydsr. 

This  species,  described  from  Japan  and  heretofore  known  only 
from  that  locality,  appears  to  be  common  in  moderately  deep  water 
in  various  parts  of  the  Philippines.  The  collection  contains  21  speci- 
mens from  14  dredging  stations  in  9  localities,  10  of  the  specimens 
being  from  5  stations  in  Mindanao  Sea  off  the  northern  coast  of 
Mindanao  and  2  others  from  2  stations  between  the  islands  of  Negros 
and  Siquijor.  Other  specimens  are  from  Balayan  Bay,  Luzon;  Verde 
Island  Passage,  between  Luzon  and  Mindoro;  off  east  coast  of  Min- 
doro;  near  Malavatuan  Island,  between  Lubang  and  Luzon;  off  west 
coast  of  Jolo  Island;  and  between  Jolo  and  Tawi  Tawi.  The  depth 
range  of  the  specimens  taken  is  170  to  318  fathoms,  and  the  size 
limits  are  11  to  28  cm.  Males  with  fully  developed  claspers  are  22.5, 
24,  and  27  cm.  long;  yoxmg  males,  with  evident  but  undeveloped 
claspers,  are  11  cm.  long.  Another  specimen,  a  fully  developed 
male  29.6  cm.  long,  has  become  separated  from  its  label,  and  no 
locality  or  other  data  can  be  given  for  it. 

BTMOPTBRUS  BRACHTURUS  Smith  and  SadcUflo.  new  tpeciet. 

Plate  52. 

Form  slender;  body  compressed;  head  broad,  moderately  de- 
pressed, .26  total  length,  its  width  at  spiracles  about  .6  its  length, 
its  depth  at  spiracles  .33  its  length;  snout  short,  broad,  sUghtly 

iPioaU.8.Nat.Mai.,  7oL26^pp.6a»-680,flg.3.       >CteZ2fli9erDeep4eaFlalU8,p.5»pL2,flg.B. 
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decuTved,  obtuse,  its  sides  forming  an  an^e  of  about  45  degrees,  its 
length  3.5  in  head  and  1.5  in  distance  from  its  tip  to  mouth,  its 
breadth  2.5  in  head  and  equal  to  distance  from  its  tip  to  mouth; 
eye  lateral,  .25  head,  .66  interorbital,  equal  to  space  between  spira* 
des,  the  center  of  pupil  midway  between  nostril  and  spiracle;  nostrils 
large,  separated  by  a  space  somewhat  greater  than  their  diameter; 
mouth  aUghtiiy  curved,  very  broad,  .8  width  of  snout,  .3  head,  ante- 
rior margin  slightly  posterior  to  pupil;  teeth  in  upper  jaw  small, 
pentacuspid,  the  cusps  lanceolate  and  evenly  graduated;  the  uni- 
cuspid  teeth  in  lower  jaw  larger,  the  point  sharp  and  oblique;  spirsr 
des  rather  large,  nearly  midway  from  tip  of  snout  to  last  giU  open- 


FW.  2.— BTMOPTERUB  BBACHTUitlTS.    UNDER  SIDI  OF  KKAD.     ENI^BQXD  ABOUT  SHBBS-FOUSTBS. 

ing,  space  between  spiracles  equal  to  .5  distance  from  spirades  to 
tip  of  snout;  gill  openings  very  narrow;  entire  upper  surface  of 
body,  top  of  head,  caudal  pedunde,  and  bases  of  fins  covered  with 
well-marked  longitudinal  lines  of  overlapping  spiniferous  denticles 
separated  by  rdativdy  wide  naked  spaces,  the  spines  longest  and  the 
rows  most  marked  on  the  tail;  abdomen,  breast,  and  xmder  side  of 
snout  densely  covered  with  rough  dentides  without  regular  arrange- 
ment; under  side  of  head  for  a  considerable  distance  before  and 
behind  mouth  naked,  with  numerous  large  pores. 

Each  dorsal  fin  with  a  spine  that  is  naked  nearly  to  its  base;  first 
dorsal  very  short,  its  origin  nearer  to  posterior  base  of  second  dorsal 
than  to  tip  of  snout,  the  spine  about  .5  height  of  fin;  second  doisal 
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entirely  behind  ventrals,  rather  high,  the  posterior  rays  much  pro- 
duced; the  spine  very  strong  and  about  height  of  fin;  space  between 
dorsal  fins  seven  times  length  of  base  of  first  dorsal  without  spine; 
caudal  fin  short  and  broad,  the  lower  lobe  .6  total  length;  distance 
from  base  of  second  dorsal  to  upper  caudal  lobe  .5  distance  from 
first  dorsal  spine  to  posterior  base  of  second  dorsal  and  .66  length 
of  peduncle;  pectorals  short,  broad,  their  length  less  than  .5  head 
and  their  tip  barely  reaching  vertical  from  first  dorsal  spine;  origin 
of  ventrals  about  midway  from  first  dorsal  spine  to  middle  of  base 
of  second  dorsal. 

Color:  Above  light  brown,  below  darker;  all  fins  pale  yellowish 
brown. 

Type, — Cat.  No.  70257,  U.S.N.M.,  a  fully  developed  male  specimen 
22.7  cm.  long,  taken  with  a  beam  trawl  on  September  17,  1909,  at 
station  6560  Gat.  6°  02'  00"  N.;  long.  120^  44'  40"  E.),  off  Jolo 
Light,  island  of  Jolo,  at  a  depth  of  263  fathoms,  on  a  bottom  of  sand, 
globigeiinsd,  and  foraminifera. 

The  daspers  are  short  and  provided  with  4  long,  sharp  spines. 
In  order  to  accommodate  those  organs,  the  fins  cross  one  another 
at  right  angles. 

This  species  is  most  closely  related  to  E.  hieifer  Jordan  and  Snyder, 
differing  therefrom  in  the  broader  head;  shorter,  more  obtuse  snout; 
wider  mouth;  and  shorter,  broader  caudal  fin. 

NASISQUALUS  Smith  and  PadcllfTe,  new^  genus. 

Squaloid  sharks  having  a  strongly  compressed  body;  broad,  de- 
pressed head;  a  broad,  ijat,  elongate  snout,  with  a  conspicuous 
lateral  angle  and  rounded  tip;  a  well-marked  median  cartilaginous 
keel  on  upper  and  lower  surfaces  of  snout;  a  wide,  slightly  curved 
mouth,  with  a  straight  obUque  fold  at  each  angle;  unicuspid  teeth 
in  both  jaws,  those  in  upper  jaw  triangular,  those  in  lower  jaw  very 
strongly  deflected  laterally,  the  cutting  edge  nearly  horizontal; 
large  subequal  dorsal  fins  with  a  conspicuous  exposed  spine;  a 
postanal  median  keel;  and  dense  squamation,  each  denticle  con- 
sisting of  three  slender  spines  on  a  short  base. 

Genotype. — Naaisqualus  profundorum. 

NASISQUALUS  PROrUHDORUM  Smith  and  Raddiflo,  new  tpaeiit. 
Plate  53. 

Form  elongate,  body  and  caudal  peduncle  greatly  compressed,  tail 
bent  slightly  upward;  head  long,  broad,  flat,  its  length  (to  posterior 
gill  slit)  contained  3.75  times  in  total  length;  greatest  width  (at 
spiracles)  .6  length,  depth  .6  width;  body  rather  deep,  back  ele- 
vated, depth  imder  first  dorsal  spine  contained  seven  times  in  total 
length,  thickness  of  body  less  than  diameter  of  eye;  caudal  peduncle 
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short,  its  depth  .6  diameter  of  eye;  snout  very  long,  2.8  in  head, 
flat,  foliaceons,  pointed  in  profile,  width  in  front  of  eyes  nearly  equal 
to  length,  the  sides  parallel,  knife-like,  the  tip  very  thin,  flat,  and 
broadly  rounded,  a  well-marked  lateral  angle  occurring  at  the  nostril, 
a  distinct  median  cartilaginous  keel  on  upper  and  lower  surfaces; 
eye  large,  lateral,  the  length  of  orbital  slit  about  equal  to  distance 
from  eye  to  lateral  angle  of  snout  and  1.75  times  in  interorbital 
space,  pupil  about  half  way  between  last  gill  slit  and  end  of  snout; 
mouth  broad,  moderately  curved,  its  width  equal  to  distance  from 
eye  to  first  gill  slit;  a  long,  straight  groove  as  long  as  eye  at  angle 
of  mouth,  the  groove  inclined  obUquely  forward  and  inward,  and  if 
produced  meeting  its  fellow  at  a  point  opposite  anterior  third  of 
eye;  preoral  space  long,  more  than  .5  head;  nostrils  large,  inferior, 
obhque,  extending  to  margin  of  snout  at  angle,  width  of  each  nostril 


Fio.  3.— Nasisqualus  PBorxTNDOBUif .    Under  side  of  head.    Beven-eiohths  NAmtu.  an. 

nearly  one-third  width  of  snout;  teeth  as  indicated  in  generic  descrip- 
tion; spiracles  large,  about  diameter  of  pupil  and  separated  from  eye 
by  a  space  greater  than  their  diameter;  skin  velvety,  densely  scal^, 
each  denticle  consisting  of  three  slender  spines  in  the  form  of  a  tri- 
dent, the  denticles  deficient  on  margin  of  fins. 

Dorsal  fins  nearly  equal  in  length;  origin  of  first  dorsal  midway 
between  second  dorsal  and  anterior  angle  of  orbit,  length  of  base 
(exclusive  of  spine)  equal  to  distance  between  center  of  spiracles,  the 
spine  one-third  exposed  and  .6  height  of  fin;  second  dorsal  fin  highor 
than  first,  beginning  behind  base  of  ventrals,  its  base  longer  than 
that  of  first  dorsal,  its  posterior  rays  slightly  produced  and  neariy 
reaching  caudal  fin,  the  spine  long,  .5  expose,  .75  height  of  fiji;  caudal 
fin,  from  anterior  edge  of  lower  lobe,  equal  to  distance  from  snout  to 
first  gill  sUt,  lower  lobe  .5  total  length,  its  distance  behind  ventral 
base  equal  to  .5  length  of  head;  middle  of  ventral  base  midway  from 
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tip  of  caudal  to  middle  gill  sUt  and  well  in  advance  of  second  dorsal 
spine,  the  modified  rays  (claspers)  long,  straight,  and  acutely  pointed; 
pectorals  large,  broad,  length  from  last  gill  slit  .5  head,  the  posterior 
margin  straight,  the  rays  reaching  vertical  from  base  of  dorsal  spine. 

Color:  Uniform  dark  brown. 

Type. — Cat.  No.  70268,  U.S.N.M.,  a  male  specimen  44  cm.  long, 
taken  with  a  beam  trawl  on  August  1,  1909,  at  station  5491  (lat.  9^ 
24'  N.;  long.  126''  12^  E.),  between  the  islands  of  Leyte  and  Min- 
danao, at  a  depth  of  736  fathoms,  on  a  bottom  of  green  mud  and 
coral. 

The  collection  contains  six  additional  specimens,  as  follows,  all 
taken  with  the  beam  trawl  in  water  from  392  to  976  fathoms  deep: 
Station  5219,  between  Marinduque  and  Luzon,  April  23,  1908,  530 
fathoms,  one  female  specimen  44  cm.  long;  station  5491,  between 
Leyte  and  Mindanao,  August  1,  1909,  736  fathoms,  one  female 
specimen  50.6  cm.  long;  station  6496,  between  Leyte  and  Mindanao, 
August  1, 1909, 976  fathoms,  one  female  specimen  69  cm.  long;  station 
5511,  ofiP  Camp  Overton  Light,  northern  Mindanao,  August  7,  1909, 
410  fathoms,  two  specimens  21  and  33.5  cm.  long;  station  5627, 
between  Siquijor  and  Bohol  Islands,  August  11,  1909,  392  fathoms, 
one  specimen  22.5  cm.  long. 

SQUALIOLUS  Smith  and  Radcliffe,  new  genus. 

Squaloid  sharks  with  subcylindrical  body,  much  contracted  caudal 
peduncle;  cylindrical  head,  conical  snout;  erect  lanceolate,  unicuspid 
teeth  in  upper  jaw,  oblique  teeth  with  laterally  deflected  points  in 
lower  jaw;  small  first  dorsal  fin  with  naked  spine;  long,  low  second 
dorsal  without  vestige  of  spine;  very  short  and  broad  caudal  fin  with 
straight  tail;  ventral  fins  far  behind  middle  of  body  and  under  origin 
of  second  dorsal;  entire  body  covered  with  flat,  widely  separated 
quadrate  denticles. 

The  presence  of  a  spine  in  the  anterior  dorsal  fin  and  the  entire 
absence  of  one  in  the  posterior  dorsal  necessitate  a  modification  in 
the  current  definition  of  the  Squalidae,  and  perhaps  justify  the  insti- 
tution of  a  new  subfamily  when  taken  in  connection  with  other  char- 
acteristic features  of  this  genus — ^form  of  head,  second  dorsal  and 
caudal — that  are  possessed  by  no  other  members  of  the  family. 
The  peculiar  shape  of  the  caudal  is  approached,  but  not  attained,  by 
Lamna  and  other  large  typical  sharks. 

Oenoiype. — Squaliolvs  laticaudua. 


Digitized  by 


Google 


684  PBOCEBDINGa  OF  THE  NATIONAL  MUSEUM.  tol.41. 


SQUAUOLTTS  LATICAUDX78 

Plates  50  and  54. 

Form  very  elongate,  graceful,  dgarnshaped,  body  moderately 
compressed,  caudal  peduncle  much  constricted  and  slightly  depressed; 
head  long,  cylindrical,  3.2  in  total  length,  its  depHi  at  spiracles  equal 
to  its  breadth  and  3.1  in  its  length;  body  deepest  under  first 
dorsal  fin,  the  depth  2.7  in  head  and  equal  to  distance  from  spirade 
to  fourth  gill  slit;  eye  large,  lateral,  the  upper  margin  of  orbital 
opening  slightly  arched,  the  lower  niargin  nearly  semicircular,  the 
width  but  slightly  greater  than  depth  and  contained  7  times  in  head, 

2  times  in  interorbital  space,  and  2.25  times  in  snout;  snout  conical, 

3  in  head,  acutely  pointed,  the  breadth  somewhat  greater  than  depth; 
nostrils  lateral,  nearer  to  tip  of  snout  than  to  anterior  margin  of  eye; 
interorbital  space  very  wide  and  convex;  spiracles  large,  above  level 
of  upper  margin  of  eye  and  separated  from  eye  by  a  space  nearly 
equal  to  diameter  of  eye;    gill  openings  very  narrow,  occupying  a 


FXQ.  4.— 8QUAUOLt78  LATICAUDU8.     UNDER  BEDS  OF  HSAD.     ENLASQSD  ONB-HIXF. 

shallow  groove  that  extends  from  pectoral  through  the  entire  series; 
mouth  rather  small,  nearly  horizontal,  its  width  1.5  times  diamet^ 
of  eye,  distance  of  mouth  from  tip  of  snout  less  than  .5  head,  a  deep 
groove  as  long  as  width  of  mouth  extending  backward  from  each 
angle;  teeth  in  upper  jaw  unicuspid,  erect,  lanceolate,  and  curved 
backward;  those  in  lower  jaw  larger,  obUque,  with  sharp  point  and 
long,  obUque,  cutting  edge,  resting  on  a  broad  quadrangular  base; 
entire  body  and  head  covered  with  flattish  denticles  consisting  of  a 
circular  center  resting  on  a  square  base,  with  a  ridge  extending  from 
each  comer  of  the  square. 

First  dorsal  low,  with  small  but  stout  spine  exposed  for  about  half 
its  length,  the  posterior  rays  somewhat  produced,  the  dorsal  origin 
midway  between  second  dorsal  and  anterior  margin  of  eye;  second 
dorsal  very  long  and  low,  without  vestige  of  spine,  the  length  of  base 
more  than  .3  length  of  head,  the  posterior  rays  produced  and  reaching 
halfway  from  base  of  fin  to  base  of  caudal,  original  of  fin  over  ventral 


Digitized  by 


Google 


KO.  1877.         NEW  PHIUPPINE  8QUAL0ID  SHARKS— SMITH.  685 

base;  caudal  fin  short  and  broad,  its  length  equal  to  distance  from 
mouth  to  tip  of  snout,  its  breadth  about  .75  length;  the  tail  not 
inclined  upward,  expanded  posterior  to  the  contracted  peduncle,  and* 
terminati^  in  a  sharp  point  on  the  posterior  margin  of  the  fin; 
ventrals  short,  the  base  thickened,  the  ends  expanded  into  broad 
plates,  as  large  as  eye,  directed  backward,  while  from  the  anterior  and 
outer  base  of  each  plate  there  extends  forward  a  long,  slender  spine 
bifid  at  its  tip;  pectorals  short  and  broad,  their  base  well  in  advance 
of  dorsal  origin  and  their  tip  reaching  to  a  point  under  middle  of 
dorsal  base. 

Color:  Uniform  jet  black;  first  dorsal  brownish  at  base,  margin 
white;  second  dorsal  white;  caudal  lobes  brownish,  posterior  margin 
white;  ventral  rays  and  plate-like  expansions  white;  pectorals  white, 
with  black  area  at  upper  extremity. 

Type. — Cat.  No.  70259,  U.S.N.M.,  a  male  specimen  15  cm.  long, 
taken  with  a  beam  trawl  on  June  8,  1908,  at  station  5268  (LaL  13°  42' 
N.;  long.  120°  57'  15"  E.),  in  Batangas  Bay,  Luzon,  at  a  depth  of  170 
fathoms,  on  a  bottom  of  sand,  shells,  and  pebbles. 

Another  specimen,  11.5  cm.  long,  taken  with  a  beam  trawl  on  July 
24,  1909,  at  station  5297,  in  the  same  locality,  agrees  with  the  type 
in  all  respects,  except  that  it  has  no  modification  of  the  ventral  fins 
and  is  apparently  a  female. 

This  is  one  of  the  smallest  known  sharks,  the  fully  developed  male 
specimen  which  is  the  type  being  only  6  inches  in  length. 


Digitized  by 


Google 


Digitized  by 


Google 


U.  S.  NATIONAL  MUSEUM 


PROCEEDINQS,  VOL.  41     PL.  51 


From  the  type.    One-third  natural  size. 


Dermal  denticles  from  flank,  enlarged. 


Front  and  side  views  of  teeth  of  upper  and 
lower  jaws,  enlarged . 


Squalus  philippinus. 
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From  the  type.    One-half  natural  size. 


''"^^Jg^^^ 


Side  view  of  lines  of  dermal  denticles, 
enlarged. 


smJ:^-^ 


Teeth  of  upper  and  lower  jaws, 
enlarged. 


ETMOPTERUS  BRACHYURUa 
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From  the  type.    One-fourth  natural  size. 


Dermal  denticles  from  flank,  enlarged. 

Nasisqualus  profundorum. 


Teeth  of  upper  and  lower  jaws, 
enlarged. 
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From  the  type.    Three-fourths  natural  si/e. 


Section  of  skin  from  flank,  Hhowin^r 
dermal  denticles,  enlarged. 


Teeth,  enlarged,  n,  front  view  of  teeth 
in  upper  jaw;  b,  same,  lower  jaw; 
c,  Hide  view  of  teeth  in  upper  jaw. 


Squaliolus  laticaudus. 
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THE  MOUNTED  SKELETONS  OF  CAMPTOSAUKUS  IN  THE 
UNITED  STATES  NATIONAL  MUSEUM. 


By  Chables  W.  Gilmobe. 

Asnstant  Curator  of  Fossil  Reptiles,  United  States  National  Museum. 


INTRODUCTION. 

Recently  the  exhibition  collection  of  vertebrate  paleontology  in 
the  United  States  National  Museum  has  been  enriched  by  the  addi- 
tion of  two  mounted  dinosaur  skeletons  from  the  Morrison  Beds  of 
Wyoming.  These  specimens  are  unusually  perfect  as  fossil  skeletons, 
and  are  noteworthy  as  being  the  types  of  the  two  species  CampUh 
aauruB  nanus  Marsh  (Cat.  No.  2210,  U.S.N.M.)  and  CamptosaunLS 
hrowni  Gilmore  (Cat.  No.  4282,  U.S.N.M.).  Since  a  detailed  descrip- 
tion of  the  osteological  features  of  these  specimens  has  been  given  in 
a  previous  article/  the  present  paper  will  briefly  describe  the  mounted 
skeletons. 

These  specimens  formed  a  part  of  the  Marsh  collection  that  was 
transferred  to  the  Museum  some  years  ago  by  the  United  States 
Geological  Survey^  and  are  from  one  of  the  celebrated  fossil  deposits 
of  the  Morrison  beds,  known  to  the  collectors  as  ''Quarry  13^ "  located 
about  8  miles  east  of  '*Como  Bluff,"  Albany  County,  Wyoming. 

The  skeletons  are  typical  examples  of  the  laige  and  smaU  species 
of  the  genus,  and  as  they  are  mounted  upon  the  same  base,  show 
well  the  great  difference  in  size.  (See  pis.  56  and  67.)  They  are 
standing  on  a  base  of  artificial  matrix  that  represents  the  color  and 
texture  of  the  layer  of  sandstone  in  which  the  bones  were  found. 

The  larger  skdieton  (C.  hrowni)  is  mounted  in  a  quadrupedal  pos- 
ture, an  attitude  which  it  is  believed  was  often  assumed,  and  the 
smaller  specimen  (C.  nanus)  has  been  erected  in  the  more  familiar 
pose  of  walking  on  the  hind  limbs. 

The  skeleton  of  Oamptosaunia  hrovmi  was  mounted  by  the  writer, 
while  the  skeleton  of  C,  nanus  was  erected  by  Mr.  Norman  Boss, 
preparator  in  the  section  of  vertebrate  paleontology,  and  to  his  skill 
is  due  the  workmanlike  manner  of  the  finish  and  its  life-like  pose. 

1 C.  W.  Oilmore.    Osteology  of  the  JansBlc  Reptile  Camptosaonis,  with  a  nvlaton  of  the  Spedes  of  tha 
OcDOS,  and  Description  of  two  new  qiecies.    Prac.  XJ.  8.  Nat.  Mas.,  vol.  86, 1909,  pp.  197-333,  pis.  6-20. 
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SKELETON  OF  CAMPTOSAURUS  BROWNI. 

Although  Prof.  O.  C.  Marsh  made  the  first  pictorial^  restoration  of 
Oamptosaurua  dispar  as  early  as  1894  the  United  States  National 
Museum  has  the  distinction  of  being  the  first  to  erect  in  a  life-like 
posture  the  actual  skeleton  of  one  of  the  laige  species  of  Camptasaurus, 
and  while  Marsh's  earlier  restoration  gave  a  good  general  idea  of  the 
appearance  of  the  animal,  it  is  now  known,  as  has  been  pointed  out 
previously,  to  have  been  in  error  in  several  particulars. 

The  most  striking  of  the  changes  brought  about  by  the  study  and 
reconstruction  of  these  specimens  is  the  shortening  of  the  presacral 
region.  In  the  first  restoration  (Marsh's)  there  are  30  presacral  ver- 
tebrae, 9  of  which  belong  to  the  cervical  region,  thus  leaving   21 

thoracic  vertebrae.    The  two  skele- 
'-'"'  tons  considered  here  agree  in  hav- 

ing 16  dorsals  each;  and  accepting 
this  as  the  correct  number,  the 
series  has  been  shortened  by  5 
vertebrae,  making  the  proportions 
quite  different  from  the  first  con- 
ception. It  lessens  perceptibly 
the  space  between  the  fore  and 
hind  limbs,  producing  a  more  com- 
pact and  better  balanced  animal. 
It  is  also  shown  by  these  speci- 
mens that  all  of  the  vertebrae  pre- 
ceding the  sacrum  carried  ribs, 
and  therefore  there  are  no  true 
lumbar  vertebrae. 

Other  features  which  can  best 
be  appreciated  in  the  mounted 
skeleton  are  the  small  head,  curved  neck,  short  and  widely  expanded 
body  cavity,  long  tail,  and  the  great  disparity  in  size  between  the 
fore  and  hind  limbs. 

The  great  strength  of  the  hind  legs  is  at  once  evident  from  the  size 
of  the  femora,  tibiae,  and  feet.  (See  fig.  4.)  The  enormous  devel- 
opment of  the  fourth  trochanter  on  the  femur  indicates  a  powerful 
caudo-femoral  muscle.  That  the  animal  usually  walked  with  an 
upright,  bipedal  gait,  as  amplified  by  the  small  skeleton,  seems  appa- 
rent, although  certain  characters  of  the  fore  feet  appear  to  indicate  a 
considerable  use  in  locomotion. 

The  compact  ossified  carpus,  with  smooth,  well-defined,  articulat- 
ing surfaces,  short  and  stout  metacarpals,  all  are  indicative  of  a  foot 

1  Am&t.  Joam.  Bd.,  roL  47,  Mar.,  1804,  pL  6. 


Fio.  1.— Right  roRS  foot,  C  AKPToaAUsus  mbtab 
Maxsh,  Cat.  No.  4277,  U.S.N.M.;  i  nat.  ozb. 
Sekh  fbom  thb  front.  e«,  carpal  two;  e«, 
CARPAL  4;  e*,  CARPAL  fiVR;  In,  intirmkdeum; 
me  /,  MSTACARPAL  I;  r,  radulb;  u,  ulnars;  I 

to  V,  DIGITS  ONB  TO  flVR.     UNGUAL  OF  FIR8T 
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whose  function  was  that  of  support  rather  than  of  a  grasping  or  pre- 
hensile organ. 

As  stated  previously,  while  the  writer  believes  that  the  upright 
bipedal  posture  was  frequently  assumed,  it  does  appear  from  the 
facts  mentioned  above  that  Camptosaurus  used  the  quadrupedal 
mode  of  progression  more  frequently  than  any  other  known  member 
of  the  Oirdthopoda,  and  in  this  genus  it  may  represent  the  beginning 
of  the  development  of  a  fore  foot  where  quadrupedalism  was  to 
become  a  fixed  means  of  locomotion  as  it  has  in  Stegosaurua  and  in 
the  Ceratopsia. 

The  stiff  divergent  poUex,  brought  about  by  the  ankylosis  of  the 
first  metacarpal  (which  is  much  shortened)  with  the  radiale,  is  an 
interesting  feature  of  the  fore  foot.    In  this  respect  there  seems  to  be 
a  trend  toward  the  development  of  a  ''spikelike  " 
digit  as  found  in  the  fore  foot  of  the  Igucmodon 
of  Europe.     (Compare  figs.  1  and  2.)     The  skull 
has  been  modeled  after  a  careful  study  of  all 
known  cranial  material,  and  it  is  believed  to  be 
the  most   correct    restoration  yet    produced, 
although  future  discoveries  will  probably  show 
the  present  conception  to  be  in  error  in  some 
particulars. 

In  Camptosaurus  the  dentition  is  confined  to 
the  rear  portions  of  the  jaws,  the  anterior  part 
of  the  mouth  being  toothless  and  probably 
sheathed  in  a  homy  beak  which  served  for 
cropping  off  the  busJies  or  herbage  on  which 
these  animals  fed.  The  teeth  are  of  moderate 
size  with  sculptured  margins  (see  fig.  3),  im- 
plying a  food  of  rather  yielding  character  which 
did  not  require  forcible  mastication. 

These  skeletons  represent  the  animals  as  touching  nearly  the  whole 
length  of  the  toes  (excepting  the  first)  to  the  groimd.  They  were 
so  moimted  because  of  the  fact  that  all  the  three-toed  supposed  dino- 
saiuian  footprints  show  the  imprint  of  nearly  the  full  length  of  the 
phalanges. 

The  pathological  condition  of  the  right  ilium  of  C.  hrowni  is  of  inter- 
est in  showing  to  what  extent  the  shape  of  a  bone  may  be  modified 
by  external  injury  (seepl.  58).  On  the  posterior  half,  the  comparatively 
thin,  platelike  part  of  the  iliiun  is  divided  vertically,  the  two  halves 
swelling  out  to  form  the  walls  of  a  cavity  which  extends  downward, 
emei^ing  on  the  ventral  border.  The  cavity  is  longer  than  wide, 
measiuing  on  the  upper  border  of  the  opening  86  mm.  in  a  longitudi- 
nal direction  and  46  mm.  in  the  transverse,  the  ventral  exit  being 
»4428°-Proe.N.M.  vol.41— 11 44 


FIO.2.— LBFT  ton  FOOT  Of 
IGUAKODON.  I,  mST  DIOR 
OBPOLLBZ. 
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considerably  smaller.    As  indicated  by  a  deep  depression   on  the 
dorsal  border,  the  injury  was  probably  received  from  above. 

The  exostosis  of  the  bone  was  greatest  on  the  front  side  of  the 
cavity  where  it  measures  72  mm,  in  width.  The  normal  -width  of 
this  part  of  the  iUum,  as  shown  by  one  on  the  opposite  side,  is  only 
21  nmi.  A  second  injury  was  found  on  one  of  the  caudal  vertebrae 
near  the  root  of  the  tail,  as  indicated  by  the  pathological  condition 
of  the  spinous  process,  which  is  considerably  enlarged  and  has  near 
its  base  an  elongated  opening  which  perforates  the  bone.  While  the 
wound  in  the  ilium  must  have  been  an  exceedingly  painful  one  at  the 
time  of  infliction,  it  in  no  way  utterly  disabled  the  animal,  at  least 
to  the  extent  of  leading  to  its  death,  as  all  of  the  broken  margins  of 
the  bone  had  healed.  Although  these  injuries  may  have  been  in- 
flicted by  some  of  its  large  carnivorous  contemporaries,  the  position 


Flo.  3.— Right  dentary  or  Camptosaurus.    Internal  view  8howino  dentihon  of  lowfr  jaw. 
About  f  wat.  size,    a,  anterior  end;  d,  oentart;  p,  posterior  end. 

of  the  wounds  suggests  the  idea  that  this  individual  was  a  female 
who  might  have  received  the  injuries  dming  copulation. 

The  evolutionary  history  of  Camptosaurus  is  largely  unknown. 
The  nearest  allied  form  appears  to  be  Iguanodcn,  found  in  Europe, 
and  Prof.  O.  C.  Marsh  was  among  the  first  to  recognize  the  many 
similarities  in  structure  between  Camptosaurus  and  Iguanodxm, 
While  the  former  is  proportionally  much  lighter  and  more  delicately 
constructed,  the  habits  and  mode  of  life  of  the  two  Animals  must  have 
been  very  similar.  In  many  particulars,  however,  Camptosaurus 
represents  a  more  generalized  type,  as  is  shown  by  the  somewhat 
simpler  structure  of  the  teeth,  the  less  reduced  poUex  and  hallux,  the 
postpubis  reaching  to  the  end  of  the  ischium,  and  the  more  proximal 
position  of  the  fourth  trochanter  of  the  femur. 
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Amount  of  restoration. — The  drawing,  plate  58,  shows  plainly  all  of 
the  restored  parts.  The  bones  supplied  from  other  individuals  are 
listed  below. 

No.  4277.  Right  hind  foot,  excepting  ungual  of  digit  IV. 

No.  4697.  Left  hind  foot. 

No.  5959.  Right  femur,  tibia,  astragulus,  and  fibula. 

No.  5961.  Left  fibula  and  calcaneum. 

No.  6001.  Fifth  cervical  vertebra. 

No.  6016.  Left  femur. 

No.  7076.  Left  tibia.  /-^^ 

All  of  the  bones  in- 
troduced are  from  indi- 
viduals found  in  the 
same  quarry  ("  13  ")  ^ 
the  type-specimen. 
Those  bearing  the  cat- 
alogue numbers  4277, 
4697,  and  5959  have 
been  identified  as  be- 
longing to  the  species 
Camptosauras  dispar 
Marsh.  It  was  at  first 
intended  to  replace 
these  missing  parts 
with  restored  bones, 
but  since  they  must 
necessarily  be  copies 
of  these  bones,  it  was 
finally  decided  to  use 
the  originals  even 
though  they  do  pertain 
to  another  species.    In 

this    connection    it    is    ^^o.  4.— right  mND  foot,  CAMProsAxmus  dispar  Makot.   Cat.  No. 

-  -  4277,  U.S.N.M.;  J  NAT.  size.  Seen  from  the  front:  t,  Two  tarsal 

reasonable  to  suppose      dones  of  the  distal  row; /,//,///,/V,fir8t  to  fourth  digits. 

that  when    the   hind     unguals  of  digits  /,  ///,  and  jv  drawn  from  the  feet  of 

f       X^  #     •>    t  •  OTHER  individuals. 

limbs  of  (7.  brovmi  are 

known,  they  will  be  found  to  differ  but  Uttle  from  those  bones  intro- 
duced. 

To  make  the  record  of  this  skeleton  complete,  diagrams  5  and  7  of 
quarry  13  and  an  account  of  the  way  in  which  the  bones  were  found 
in  the  ground  are  here  appended. 

The  accompanying  map  (see  pi.  55)  shows  how  the  bones  of 
Camptosauras  hrowni  were  found  as  they  lay  embedded  in  the  ground. 
The  map  was  drawn  at  the  time  of  disinterment,  and  the  painstaking 
care  bestowed  on  it  is  worthy  of  the  highest  commendation.  A 
quarter  of  a  century  has  elapsed  since  this  skeleton  was  collected. 
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During  the  interval  the  material  from  this  area  had  become  widely 
scattered,  but  by  the  aid  of  the  map  the  specimens  nv^ere  not  <»It 
assembled,  but  it  was  possible  to  again  place  all  of  the  elements  in 
their  original  relative  positions. 

Most  of  the  skeleton  lay  in  diagram  5,  but  a  study  of  the  contiguous 
area  represented  by  diagram  7  showed  other  elements  mrhich  could, 
beyond  a  reasonable  doubt,  be  associated  with  the  same  individual 
although  collected  a  year  later.  The  main  axis  of  the  skeleton  hj 
in  a  northeast  and  southwest  direction,  and  apparently  not  far  re- 
moved from  where  the  animal  died. 

As  indicated  by  the  original  quarry  numbers,  the  left  fore  limb  and 
foot  and  anterior  dorsal  vertebrae  were  the  first  elements  discovered. 
The  limb  and  foot  bones  lay  on  the  left  side  of  the  vertebral  colunm 
in  the  positions  indicated  on  the  map  (see  Nos.  83,  84,  and  85),  the 
scapula  and  coracoid  being  removed  some  5  feet  to  the  left  of  ^ 
lower  limb  bones,  but  inasmuch  as  this  is  the  only  skeleton  of  Oamf- 
tosaurus  found  in  this  part  of  the  quarry,  and  as  it  pertains  to  the 
left  side,  there  can  be  no  doubt  of  their  proper  association.  Tbe 
vertebral  column,  which  appears  quite  complete,  was  disarticulated 
at  intervals.  Beginning  with  the  anterior  portion  of  the  backbone 
as  preserved,  cervicals  78,  77,  and  76  were  articulated  by  ther 
zygapophyses  and  represent,  respectively,  the  eighth  and  ninth  ca- 
vicals  and  first  dorsal.  No.  83,  although  not  interlocked  with  7& 
was  but  little  removed  from  it,  and  appears  without  question  to  rep- 
resent the  seventh  cervical.  Two  other  cervicals,  No.  109  and 
another  from  which  the  original  quarry  number  has  been  erased, 
are  also  provisionally  associated  with  this  skeleton,  and  represenl 
the  fourth  and  third  cervicals,  respectively.  On  account  of  the 
erasure  of  the  quarry  number  the  position  of  the  third  cervical  couU 
not  be  found  on  the  map,  although  it  was  associated  with  the  bones 
of  this  skeleton.  The  vertebrsB  of  the  next  series,  Nos.  101  to  106, 
while  not  interlocked  by  their  zygapophyses,  were  so  closely  asso- 
ciated that  there  can  be  no  question  of  their  representing  a  seriesy 
and  when  articulated  fit  one  another  perfectly.  The  position  of  the 
capitular  facets  and  shape  of  the  spinous  processes  show  them  to 
pertain  to  the  anterior  dorsal  region.  An  interval  of  a  foot  or  more 
existed  between  No.  106  of  this  series  and  No.  76.  In  the  next 
series,  Nos.  120  to  136,  the  vertebra  were  found  occupying  their 
relative  positions  and  but  little  disturbed.  From  the  adhering 
matrix  the  writer  was  able  to  connect  up  this  series  from  the  mid- 
dorsal  through  the  sacrals  to  the  fourth  caudal,  inclusive.  Caudab 
Nos.  168  to  169  and  Nos.  158  and  159  were  removed  somewhat 
laterally,  but  were  intermediate  in  size  and  appear  to  fiU  the  gap 
between  136  and  170.  Nos.  170  to  174,  with  dieir  chevrons,  were 
found  articulated.    Another  series  of  four  vertebrsB  (block  208)  was 
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shown  in  diagram  7,  some  14  feet  to  the  east  of  No.  174;  but  an  an- 
terior zygapophysis,  retained  in  place  by  the  matrix  of  the  latter, 
was  found  to  fit  on  the  first  vertebra  of  this  series,  and  so  fixed 
beyond  doubt  their  proper  position  in  the  tail.  Some  14  or  15  feet 
to  the  north  and  east  another  series  of  18  distal  caudals  (Nos.  218 
to  235)  was  found,  most  of  them  articulated  or  so  closely  associated 
that  it  appears  none  are  missing  in  the  series. 

It  is  perhaps  fortunate  that  while  the  other  bones  in  this  area 
represent  the  remains  of  several  individuals,  nearly  all  pertain  to 
the  genus  StegoaauTUSj  from  which  the  elements  of  Camptosa/uras 
are  readily  distinguishable.  This  remark  applies  particularly  to 
the  rounded  distal  caudals  of  Camptosaurua,  which  may  at  once  be 
distinguishe<l  from  the  short  hexagonal  caudal  centra  of  Stegosaurua. 
That  this  distal  series  belongs  to  C.  hrovmi  there  can  be  but  little 
question.  The  ilia,  Nos.  140  and  167,  lay  on  their  respective  sides 
of  the  sacrum  and  but  Uttle  removed  from  it,  with  their  anterior 
ends  directed  forward.  The  other  pelvic  bones  were  not  indicated 
on  the  map,  but  from  their  quarry  numbers  it  was  determined  they 
could  not  have  been  far  removed.  Nothing  of  the  hind  limbs  was 
found.  The  right  fore  limb  (and  foot)  Nos.  98,  101,  119,  and  120, 
were  found  to  the  west  and  right  of  the  anterior  cervicals.  From 
the  fact  that  all  of  the  elements  pertain  to  a  right  limb  and  closely 
agree  in  size  with  the  left,  its  assignment  appears  certaiQ.  Some 
scattered  ribs  and  pieces  found  near  the  dorsals  have  been  pro- 
visionally associated  with  them.  All  of  the  remaining  material 
from  diagrams  5  and  7  has  been  gone  over  carefully  in  the  hope 
of  finding  some  elements  of  the  skull  and  other  missing  parts,  but 
without  reward.  It  appears  remarkable  that  in  a  skeleton  which 
shows  so  little  displacement  of  the  elements  as  this  one  that  the 
heavy  bones  of  the  hind  limbs  should  be  missing.  An  unusual 
feature  is  the  preservation  of  both  fore  limbs  and  feet.  Experience 
of  several  seasons'  field  work  has  shown  that  while  it  is  not  unusual 
^to  find  hind  limbs  fairly  complete,  the  front  legs,  particularly  of 
the  Jurassic  sauropods^  are  rare. 

By  reference  to  the  quarry  map  (see  pi.  55),  all  of  the  evidence 
as  to  the  association  of  the  parts  may  be  plainly  seen.  The  bones 
not  numbered  pertain  to  one  or  more  genera  different  from  Campto- 
saurus.  The  series  to  the  east  of  the  vertebral  column  represents  a 
caudal  series  of  Stegasa/urus,  and  most  of  the  other  scattered  elements 
have  been  recognized  as  belonging  to  that  genus.  With  the  excep- 
tion of  two  caudal  vertebrae,  no  duplicate  bones  of  Camptomurus 
have  been  found.  There  can  be  therefore  little  question  but  that  all 
of  the  elements  indicated  as  Campiosawrus  belong  to  one  individual. 
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The  position  of  the  bones  of  the  skeleton,  as  found  in  the  quany, 
is  shown  in  diagrams  5  and  7,  plate  55.  The  position  of  the  different 
parts  is  indicated  by  the  original  quarry  numbers  as  follows: 

In  Diagram  5. 

80.  Chevrcm,  15tli.  129  to  133.  Sacrals. 

81.  Doisal  rib.  134  to  136.  Caudals  (1^  2,  and  3  of  serifis). 

83.  Fifth  dorsal  rib  of  the  right  side.  140.  Left  ilium. 

84.  Left  humerus.  157.  Portion  of  dorsal  rib. 

85.  Left  radius,  uhia,  and  manu9.  158.  Caudal  (6th  of  series). 
98.  Spinous  process.  159.  Caudal  (5th  of  series). 

101  to  106.  Donals  (2,  3,  4,  5,  6,  and  7  of  167.  Ri^t  ilium. 

series).  168.  Caudal  (3d  of  series). 

106.  Eighth  thoracic  rib  of  the  right  side.  169.  Caudal  (4th  of  series). 

107.  Head  of  dorsal  rib.  170  to  174.  Caudals  (7,  8,  9,  10,  II,  and 
109.  Piece  of  dorsal  rib.  12  of  series). 

113.  Portion  of  right  ischium.  175,  176.  Caudal  vertebre. 

115.  L^ft  ischium.  178.  Chevron. 

116.  Dorsal  rib  (portion  of  head).  Portion  of  right  pubis. 

120  to  128.  Dorsals  (8th  to  16th  of  series).  Part  of  left  pubis. 


45.  Left  scapula. 

46.  Left  coracoid. 

76.  First  dorsal. 

77.  Ninth  cervical  with  one  rib. 

78.  Eighth  cervical  with  both  ribs. 

83.  Seventh  cervical. 

84.  Right  humerus. 
98.  Right  coracoid. 

Dimensions. — ^The  entire  length  of  the  animal  measured  along  the 
back  bone  is  17  feet;  from  the  base  to  the  top  of  the  hip  bones  is  4 
feet  6  inches  in  length.    The  tail  measures  8  feet  6  inches  in  length. 

SKELETON  OF  CAMPTOSAURUS  NANUS. 

The  small  skeleton  shown  in  plates  59  and  60  was  in  1894  briefly 
described  *  by  Prof.  O.  C.  Marsh  as  the  type  of  a  new  species,  and 
later  a  more  detailed  account  ^  of  this  specimen  was  given  by  the 
writer. 

The  elements  preserved  are  as  follows: 

Axis  intercentrum,  axis,  7  cervical,  16  dorsal,  4  sacral,  and  34 
caudal  vertebr®,  1  cervical  and  numerous  thoracic  ribs,  right  fore- 
limb  (scapula,  coracoid,  humerus,  radius,  and  ulna),  2  femora,  2 
tibisB,  left  fibula,  2  ilia,  2  ischia,  portion  of  left  pubis,  2  metacarpals, 
1  carpal,  and  parts  of  ossified  tendons. 

The  specimen  was  collected  by  Mr.  W.  H.  Reed  from  "quarry  13" 
in  1882. 

1  O.  C.  Manh.    Amer.  Joum.  Sci.,  sor.  8,  vol.  48, 1894,  p.  85  pi.  5,  fig.  3. 
•  C.  W.  QUmore.    Proo.  U.  S.  Nat.  Mus.,  vol.  36, 1900,  pp.  280-285. 


RAM 
101. 

7. 

Right  scapula. 

109. 

Fourth  cervical. 

119. 

Right  radius  and  ulna. 

120. 

Right  manus. 

177. 

Ungual  of  Digit  IV,  right  hind  foot 

208. 

Caudals  (13, 14, 15,  and  16  of  series). 

218  to  235.  Caudals  (22d  to  SStli  of  s^ee). 
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The  skeleton  as  mounted  is  composed  of  the  bones  of  one  individual 
with  the  exception  of  the  second  and  third  metatarsals  of  the  left 
hind  foot  which  are  from  another  individual  (Cat.  No.  5960)  of  the 
same  proportions,  and  from  the  same  quarry  as  the  type.  The  other 
missing  parts  have  been  restored  and  painted  a  light  color  to  make 
these  distinct  from  the  fossil  portions. 

As  shown  in  plates  57  and  59  the  specimen  has  been  given  the 
bipedal  pose,  with  the  intention  of  conveying  to  the  observer  the 
impression  of  a  rapidly  walking  animal.  The  head  is  thrown  forward, 
the  arms  balancing  the  sway  of  the  shoulders.  The  right  hind  leg 
is  at  the  end  of  the  forward  stride  and  bears  the  greater  part  of  the 
weight  of  the  animal.  The  left  foot  is  just  about  to  be  lifted  pre- 
paratory to  the  forward  step,  while  the  tail  is  doubly  curved  and  lifted 
slightly  from  the  ground  to  balance  the  weight  of  the  forward  part 
of  the  animal. 

The  head  is  comparatively  small,  and  carried  on  a  gracefully  curved 
neck  of  moderate  length.  The  thoracic  region,  which  has  16  dorsal 
vertebrae,  is  of  good  proportions,  and  as  the  articulated  ribs  show 
in  the  posterior  view  (see  pi.  60),  the  back  was  broad  with  a  widely 
expanded  body  cavity.  The  animal  was  supported  by  stout  clawed 
limbs  of  which  the  hinder  are  much  longer  and  stouter  than  the  fore. 
In  life  this  animal  was  evidently  strong  and  agile  in  movement,  and 
the  structure  of  the  feet,  as  in  {7.  hroivm,  appear  to  indicate  a  strictly 
land-living  form. 

Unlike  several  of  the  other  predentate  dinosaurs,  there  have  been 
no  dermal  ossifications  found,  so  we  have  no  knowledge  as  to  the 
character  of  the  external  covering.  The  line  drawing  (see  pi.  61) 
shows  clearly  the  restored  and  original  parts  of  the  skeleton. 

The  caudal  series  consists  of  42  vertebrae,  of  which  31  are  con- 
sidered as  carrying  chevrons. 

The  ischia,  as  articulated  in  these  two  skeletons,  only  meet  at 
their  distal  extremities.  The  writer  is,  however,  inclined  to  the 
opinion  that  in  life  the  borders  of  the  lower  part  of  their  shafts  were 
in  contact,  somewhat  after  the  manner  of  the  ischia  in  Trachodon 
and  Ceratosaurus,  but,  probably  owing  to  distortion,  it  was  found 
impossible  to  so  articulate  them  when  mounting  the  specimens. 

As  with  Camptosaunia  hrorvni,  the  skull,  which  is  wholly  restored, 
is  modeled  in  the  proper  proportions  after  a  study  of  all  known 
cranial  material,  and  undoubtedly  gives  an  accurate  idea  of  the 
cranium. 

In  order  to  place  on  record  all  of  the  evidence  relating  to  the 
primary  association  of  the  backbone  of  this  skeleton,  a  complete  list 
of  the  articulated  vertebrae  as  found  is  given  below. 

Axis  free;  3d  cervical  to  2d  dorsal  articulated;  3d  dorsal  free;  4th 
to  8th  dorsals  articulated;  9th  to  13th  dorsals  articulated;  14th  dorsal 


Digitized  by 


Google 


696  PROCEEDINOS  OF  THE  NATIONAL  MUSEUM.  v<k.4L 

free;  centrum  of  15th  dorsal  detached^  although  the  spinous  process 
remained  attached  to  the  16th;  16th  dorsal  ajid  sacral  vertebn 
articulated;  1st  caudal  free;  2d  to  21st  caudaJs  articulated;  22d  to 
25th  caudals  articulated;  26th  caudal  free;  27 th  to  29th  caudals 
articulated;  30th  and  31st  caudals  articulated;  35th  caudal  free. 

DiTnertsions. — The  entire  length  of  the  animal^  measured  along  the 
backbone,  is  9  feet  11  inches;  from  the  base  to  the  top  of  the  hip 
bones,  1  foot  9  inches;  from  base  to  top  of  head,  2  feet  8^  inches; 
length  of  tail;  3  feet  6  inches. 

EXPLANATION  OF  PLATES. 

Plate  55. 

Diagrams  5,  7,  and  part  of  4,  of  quarry  13,  near  Come,  Albany  County,  Wyominf, 
worked  by  Mr.  Fred  Brown  for  Prof.  O.  C.  Marsh,  during  the  years  1884,  1885,  and 
1886.  The  numbered  bonee  show  the  positions  in  M^ch  the  various  elements  of  the 
type  of  Camptosaurus  browni,  Oat.  No.  4282,  U.S.N.M.,  w^e  found  in  the  quanr. 
The  unnumbered  bones  scattered  about  pertain  chiefly  to  members  of  the  Stegoeaana. 

A,  Plesiotype  of  Diracodan  laticepSy  Cat.  No.  4288,  U.S.N.M. 

B,  Series  of  caudals  and  dermal  plates  of  StegotauruSf  Cat.  No.  4714,  U.S.N  Jf. 
The  scale  is  about  4  feet  to  the  inch. 

Plate  56. 

Mounted  skeletons  of  Camptosaunu  browni  Gibmore,  Cat.  No.  4282  n.S.N.M., 
and  C.  nanus  Marsh,  Cat.  No.  2210,  U.S.N.M. 
Type-specimens.    Oblique  side  view. 
About  one-twentieth  natiual  size. 

Platb  57. 

Mounted  skeletons  of  CamptosawruB  hrowni  Gilmore  and  C,  nanu8  Marsh.    Type- 
specimens.    Viewed  from  the  left  side. 
About  one-twentieth  natural  size. 

Plate  58. 

Drawing  of  the  skeleton  of  Camptomiwrtu  brovmi  showing  the  real  and  restored 
parts.  Original  bones  axe  represented  by  line  shading  and  parts  restored  are  left 
in  outline. 

More  than  one-twentieth  natural  size. 

Plate  59. 

Mounted  skeleton  of  Camptosatarvs  nanus  Marsh.    Oblique  view.     Tyi>e-6pecimen. 
About  one-eighth  natural  size. 

Plate  60. 

Rear  view  of  Camptosaurus  nanus  Maish .  Showing  the  pose  of  the  tail  and  expanded 
body  cavity.    Type-specimen. 

Plate  61. 

Drawing  of  the  skeleton  of  Camptosaurus  nanus  Marsh.  ShQwing  the  real  and 
restored  parts.  Original  bones  are  represented  by  line  shading  and  parts  restored 
are  left  in  outline. 

More  than  one-eighth  natural  size. 
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Mounted  Skeleton  of  Camptosaurus  nanus. 

For  explanation  of  plate  see  page  696. 
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PRESERVATION  OF  OSSEOUS  AND  HORNY  TISSUES. 


By  F.  L.  J.  BOETTCHEE,  * 
0/  Watifdngtont  District  of  Columbia. 


INTRODUCTION. 

During  the  winter  of  1909-10  the  large  collection  of  hippopotamus 
skulls  made  by  the  Smithsonian  African  Expedition,  under  the 
direction  of  Col.  Theodore  Roosevelt,  in  British  East  Africa  brought 
forcibly  to  notice  the  necessity  of  preventing  the  cracking,  scaling, 
and  rupture  (at  times  explosive)  of  tusks,  which  within  a  month  or 
two  after  their  arrival  often  became  badly  disfigured. 

Experiments  for  the  accomplishment  of  the  object  soon  showed 
the  possibility  of  such  a  conservation.  Acting  upon  the  hypothesis 
that  expansion  and  contraction  are  principally  due  to  absorption  and 
desiccation,  a  check  to  these,  as  complete  as  possible,  seemed  called 
for,  and  experiments  were  consequently  conducted  in  accordance  with 
such  premises. 

Under  normal  conditions  during  the  life  of  the  animal  not  even 
the  enamel  of  the  teeth  shows  signs  of  scaling.  One  and  the  same 
fluid  permeates  aU  their  tissues,  however  different  in  density,  chemical 
composition,  and  conductivity,  forming  one  homogeneous  unit, 
homogeneous  to  the  active  and  normal  forces  of  expansion  and 
contraction. 

To  preserve  natural  objects  successfully  it  is  necessary  to  imitate 
the  conservative  forces  of  nature  and  meet  their  imperative  demands. 
We  must  restore  the  homogeneity  lost  by  desiccation,  and  to  do  so 
fully  and  permanently  a  medium  must  be  found  that  will  be  suffi- 
ciently fluid  to  enter  the  most  delicate  capillaries  and  also  sufficiently 
indestructible  to  resist  normal  chemical  atmospheric  changes,  such 
as  are  likely  to  be  found  in  a  museum. 

Various  substances  for  this  purpose  have  been  considered.  The 
retention  of  fats  and  of  animal  matter  in  skulls  and  bones,  for  example; 
the  infiltration  of  oils,  of  glue,  of  shellac;  but  not  one  of  these  is  satis- 
factory when  one  comes  to  consider  its  resistance  to  chemical  changes 
or  its  ability  to  completely  exclude  the  air. 

PROCEEDINQS  U.  &  NATIONAL  MUSEUM,  VOL.  41,  NO.  1879. 
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Since  it  is  the  oxygen  of  the  atmosphere  and  the  accidental  adds  in 
the  latter  that  attack  the  more  complex  molecules  of  matter^  acting 
the  more  intensely  the  greater  the  humidity  of  the  atmosphere,  our 
aim,  for  the  purpose  of  preservation,  should  be  absolute  exclusion  of 
air  and  moisture.  This  atmospheric  attack,  combustion,  or  destructive 
metabolism,  however  it  may  be  called,  begins  in  oi^anic  life  with  the 
formation  of  the  first  cell  and  does  not  end  until  the  last  particle  of 
bone  has  been  disintegrated  and  oxidized  into  its  component  oxides. 
This  is  the  course  of  nature,  whatever  the  length  of  time,  be  it  a  few 
weeks  or  a  million  years.  Silicification  and  carbonization  as  well  as 
a  complete  replacement  by  calcium  carbonate  will,  for  the  purpose  of 
preservation,  probably  be  always  out  of  question.  Infiltration  of 
fluid  calcium  carbonate  would  be  very  slow  and  would  probably 
change  the  external  form  while  filling  by  accretion  the  cavities  and 
capillaries,  within  and  without,  proving  this  method  to  be  wholly  un- 
reUable. 

There  remains,  therefore,  as  far  as  can  be  ascertained  at  the  present 
time,  only  the  one  method,  and  that  is  the  exclusion  of  air  and 
humidity,  and  with  it  the  forces  of  expansion  and  contraction.  Whea 
life  or  vital  forces  no  longer  offset  destructive  metabolism,  the  latter 
will  continue  unchecked  so  long  as  external  conditions  promote  the 
process.  The  same  atmospheric  air  that  consumes  the  worn-out 
tissues  to  furnish  heat  will  continue  to  do  so  when  heat  is  no  longer 
necessary.  As  it  is  desirable  to  preserve  museum  specimens,  our  aim 
must  be  to  check  this  combustion  by  the  exclusion  of  the  fuel  neces- 
sary for  its  support. 

That  exclusion  of  air  is  an  absolute  preservative  has  been  provea 
by  the  thousands  of  perfectly  preserved  insects  and  other  animal 
inclusions  in  amber  that  have  stood  the  test  of  thousands,  if  not  of 
millions,  of  years.  Of  all  the  substances  known  and  considered  so 
far  for  the  purpose  of  preserving  bones  and  teeth  not  one  is  free  from 
objections,  not  one  even  produces  absolute  homogeneity  or  absolutely 
excludes  the  air. 

-^  Among  the  expedients  considered  is  the  method  of  leaving  within 
the  bone  a  part  of  its  organic  and  fatty  substance  as  a  preservative, 
a  method  that  at  first  gives  a  better  appearance  as  well  as  a  sub- 
stantiality to  the  deUcate  portions  that  are  not  evident  when  the  full 
amount  (50  per  cent)  of  organic  matter  is  withdrawn. 

This  might  be  satisfactory  if  it  were  possible  to  guard  against 
changes  of  temperature  and  the  entrance  of  air  and  moisture.  This 
organic  tissue  within  the  pores  of  the  bone,  honeycombed  (micro- 
scopically) by  the  taxidermic  processes  of  treatment,  offers  ready 
admission  to  air  and  moisture,  and  as  soaps  or  alkaline  oxides,  car- 
bonates or  borates,  whatever  may  have  been  used,  add  nothing 
preservative  in  place  of  the  substances  removed,  but  rather  assist 
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in  removing  bone  tissue,  it  becomes  quite  evident  that  a  core  or 
skeleton  of  such  material  can  not  be  long-Uved. 

If  it  is  undesirable  to  leave  organic  tissue  within  the  bone  unpro- 
tected, it  is  still  more  so  if  fats  remain  there.  In  cleaning  the  same 
the  process  is  one  of  saponification.  Now,  rancidity  is  partial 
saponification,  whereby  strong-smelling  fatty  acids  have  been  set 
free.  These  fatty  acids  are  unsaturated  molecules  and  at  once 
attack  the  lime  salts  of  the  bone,  forming  Hme  soap,  so  often  observed 
in  the  use  of  hard  Waters.  The  bone  is  in  a  state  of  dry  rot.  The 
retention,  therefore,  of  fats  in  the  bone  during  cleaning,  or  the  infil- 
tration of  similar  easily  decomposing  substances,  instead  of  being  an 
advantage  would  soon  lead  to  disaster.  ^ 

Another  point  to  be  considered  is  the  following:  The  greater  the 
amount  of  animal  matter  retained  the  less  will  be  space  for  the 
preservative  to  penetrate,  and  the  thinner,  therefore,  the  crust  of  the 
latter,  the  sooner  it  will  be  broken  by  the  gases  of  decomposition 
formed  within  and  destroyed  through  the  entering  air  and  moisture. 

White  shellac  has  been  recommended  as  another  preventative. 
Shellac,  to  be  sufficiently  fluid,  must  be  dissolved  in  at  least  10 
times  its  volume  of  alcohol.  This  solution  does  not  undergo  any 
chemical  change  and  contains,  therefore,  one  molecule  of  unchanged 
shellac  to  every  10  molecules  of  unchanged  alcohol.  If  we  now 
suppose  that  an  object  such  as  a  tusk  or  a  bone  had  absorbed  a 
sufficient  quantity  and  then  had  been  removed  from  the  bath,  the 
drying  or  hardening  would  begin  at  once  on  the  exterior.  Of  this 
outside  or  superficial  layer  nearly  91  per  cent  would  escape  as 
alcohol,  while  the  remaining  9  per  cent  of  shellac  would  be  attracted 
and  adhere  to  its  like  in  the  next  molecular  surface  below.  This 
escape  of  alcohol  and  adhesion  of  the  shellac  molecules  would  con- 
tinue until  a  peUicle  was  formed,  continuous  around  the  object  if 
the  porosity  were  microscopic,  or  continuous  with  the  sinuosities  or 
depressions  if  more  coarsely  porous.  This  pellicle  would  not  pre- 
vent the  evaporation  of  the  underlying  mixture  of  alcohol  and  shellac; 
indeed,  it  hardly  retards  it.  It  \a  simply  a  covering  of  loosely  cohering 
plates,  irregular  and  greatly  disruptured,  with  air  spaces  greater 
than  the  solid  material,  and  necessarily  so,  because  as  the  evaporar 
tion  proceeds  inward  the  outside  material  grows  firmer  and  more 
unyielding,  thus  leaving  a  loosely  spongy  mass  even  under  the  most 
favorable  conditions.  The  evaporating  molecules  of  alcohol  need 
and  find  a  vent  from  the  innermost  capillaries  through  all  the  suc- 
cessive layers  of  shellac  varnish.  It  is  certain  that  the  peUicle  always 
gives  passage  to  the  solvent  beneath  and  that  in  such  a  case  as  the 
one  here  mentioned  the  shellac  remaining  behind  is  only  one-eleventh 
of  the  material  absorbed  by  the  object.  It  is,  moreover,  very  prob- 
able that  the  shellac  has  too  much  of  a  colloidal  nature  to  even  reach 
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the  capillaries.  What  has  been  said  of  shellac  applies  equally  well 
to  all  the  colloids. 

The  same  is  true  also  of  a  yamish  applied  to  a  painting.  It  is  a 
colloid  substance  inflated  by  a  volatile  liquid.  The  latter  evaporates 
and  leaves  a  thin  porous  crust  of  gum  spread  over  the  painting, 
uniting  more  or  less  with  each  superficial  granule  of  pigment  of  the 
painting,  which  itself  is  a  more  or  less  porous  layer  on  a  ground  com- 
posed of  whiting  and  one  of  the  ochers,  united  by  a  colloid.  This 
in  turn  is  necessarily  porous,  and  is  spread  upon  a  very  coarse,  porous 
linen.  Each  layer  penetrates  and  takes  hold  of  the  layer  below. 
The  porosity  of  such  a  varnish  is  proved  by  the  dark  tints  of  oxida- 
tion which  it  presents  after  the  lapse  of  time  and  which  are  con- 
tinuous throughout  the  thickness  of  the  layer  of  varnish.  It  is 
further  proven  by  the  occasional  oxidation  of  the  oils  used  in  the 
painting  below  the  varnish,  and  the  chemical  change  of  the  lead 
pigments  into  sulphides  by  the  action  of  the  sulphur  dioxide  con- 
tained in  the  contaminated  atmosphere — all  circumstances  that  make 
the  restoration  of  a  masterpiece  a  matter  of  great  diflBculty. 

The  use  of  gums  and  resins,  or  in  fact  any  material  that  has  a 
colloidal  tendency,  is  wholly  out  of  the  question  where  absolute 
exclusion  of  air  is  demanded.  Shellac  is,  however,  a  most  excellent 
binder  of  decaying  substances,  and  though  the  solution  may  not 
prevent  air  and  moisture  from  penetrating,  it  is  indispensable  as  a 
building  or  binding  material. 

The  production  of  homogeneity  would  demand  the  infiltration  of 
substances  that  would  entirely  fill  up  the  interstitial  spaces  at  ordi- 
nary temperatures  and  be  as  fluent  as  turpentine  or  benzine,  so  as 
to  penetrate  the  most  delicate  capillaries.  They  should  at  the  same 
time  retain,  if  possible,  some  degree  of  firmness.  To  gain  these 
qualities  we  are  obliged  to  have  recourse  to  various  waxes,  bitumens, 
or  paraffins  of  the  higher  marsh-gas  series.  Stearin  consists  of 
stearic  acid  and  glycerin  and  contains  an  unsaturated  molecule  that 
can  not  be  depended  upon. 

Paraffin,  as  is  well  known,  is  fluid  when  heated,  and  will  penetrate 
or  dialyse,  as  it  were,  almost  if  not  quite  as  readily  as  do  lower  mem- 
bers of  the  series,  such  as  kerosene  or  benzine  even  when  cold.  The 
reason  of  this  is  that  paraffin,  according  to  Berlinerblau,  contains  as 
impurities  products  of  the  lower  series,  especially  of  a  lower  melting 
point,  which,  evaporating  at  or  below  100°  C,  will  work  their  way 
as  vapor  rapidly  through  the  most  delicate  capillaries,  then  condense 
more  or  less  upon  the  walls  of  the  latter,  and  furnish  points  of  attrac- 
tion for  products  of  a  higher  melting  point,  until  finally  the  more 
slowly  moving  product  of  the  highest  point  has  penetrated  the  most 
deeply  seated  capillaries.  The  greater  the  volatility  the  greater 
also  the  diffusibihty  and  power  of  penetration,  and|  on  the  con- 


Digitized  by 


Google 


NO.  1879.    PRESERVATION  OF  088E0U8  TISSUES^BOETTCHER,         701 

trarj;  the  more  a  fluid  approaches  a  colloidal  condition  the  less  it 
will  penetrate. 

Paraffin  is  not  a  perfect  material  for  the  preservation  of  objects, 
but  it  approaches  perfection  more  nearly  than  any  other  substance 
known.  It  has  the  fault,  however,  of  contracting  upon  cooling,  and 
this  contraction  amounts  to  14  per  cent.  Whenever  an  object  has 
absorbed  to  saturation  a  fluid  at  100^  C,  each  capillary,  at  ordinary 
temperatures,  will  contain  only  86  per  cent  of  solid  paraffin,  crystal- 
lized, and  14  per  cent  interstitial  spaces.  These  spaces  may  con- 
tain, besides  the  lower  members  of  the  series,  also  impurities,  air,  or 
even  oxygen,  according  to  Lippmaim  and  Hawliczek,  which  has  pene- 
trated successively  inward  as  contraction  takes  place,  gradually  fol- 
lowing the  cooling  process.  It  is  to  be  observed,  however,  that  in  a 
capillary  or  larger  vessel  the  wall,  rather  than  the  intercellular 
lumen,  attracts  the  layer.  The  slide  test  will  prove  this.  Parafiui 
allowed  to  cool  between  a  clean,  dry  slide  and  a  cover  glass  will 
show  a  matted  mass  of  fatty  crystals  arising  from,  or  adhering  to, 
a  thin  layer  of  the  same  on  each  glass. 

Air,  then,  will  filter  through  and  approach  the  material  which  is 
to  be  protected,  but  does  not  reach  it.  These  crystab  act  as  a  filter, 
like  the  cotton  wad  in  a  culture  tube,  only  more  thoroughly  and  on  a 
more  extended  scale. 

There  is  one  danger,  however,  that  is  greater  than  the  preceding. 
When  by  progressive  inward  cooling  an  inhalation  of  air  taJkes  place, 
impurities  such  as  spores  of  fungi  and  bacteria  may  also  penetrate 
one  or  two  layers  of  crystals,  and  thus  become  embedded'  in  the 
surface  of  the  paraffin.  These,  if  conditions  are  favorable,  may 
attract  moisture  from  the  atmosphere,  and  according  to  Dr.  O. 
Rahn,^  grow  and  decompose  the  paraffin.  If,  as  the  above  authority 
claims,  paraffins  of  a  lower  melting  point  form  better  media  for  such 
growth  than  those  of  a  higher  melting  point,  the  reason  may  be 
found  in  the  more  porous  condition  of  the  external  layers  owing  to 
the  greater  evaporation  of  the  lower  series  occurring  as  impurities 
in  the  grades  of  paraffins  used.  The  growth  of  species  of  PeniciUium 
and  Aspergillus  on  the  paraffin  of  fruit  jars  can  be  easily  explained 
by  the  fact  that  the  porosity  of  the  crystallized  paraffins,  as  well  as 
the  expension  and  contraction  of  the  preserved  material  closely 
below  the  paraffiji,  even  if  the  latter  does  not  become  detached  from 
the  sides  of  the  jar  by  this  movement,  causes  an  alternate  pressure 
of  Uquid  outward  or  a  suction  of  spore-laden  air  inward,  and  the 
conditions  for  a  growth  of  fungus  are  perfect,  provided  the  layer 
of  paraffin  is  not  too  thick.  If  it  be  too  thick  no  mold  will  form, 
but  the  air  will  enter  and  cause  a  more  or  less  advanced  state  of 
vinous  fermentation. 

>  Centnlbl.  Bakt.,  Abth.  2,  Jena.  1906,  vol.  16,  p.  882. 
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An  interesting  experience  of  this  kind  was  observed  at  the  writer's 
home  in  some  jars  of  preserved  pineapple,  which  had  been  covered 
after  cooling  by  a  layer  of  paralBBn  three-eighths  of  an  inch  thick,  and 
by  a  double  sheet  of  commercial  paraffin  paper,  tied  securely  over 
the  same.  After  the  lapse  of  three  or  four  months  a  jar  was  opened 
and  it  was  found  to  have  changed  into  a  well-flavored  wine.  The 
air  had  filtered  through  the  three  different  layers  and  caused  a  slow 
fermentation,  resulting  in  pressure  sufficient  to  squeeze  a  part  of  the 
fermenting  liquid  through  the  layer  of  paraffin  and  evaporate  the 
same  to  such  a  degree  that  the  remainder  stood  nearly  one  inch  below 
the  layer  of  paraffin,  which,  with  all  this  powerful  pressure  from  be- 
low, had  held  its  place  in  all  the  jars  of  preserves.  Part  of  the  juice, 
or  wine,  which  had  been  pressed  through  still  stood  on  the  top  of  the 
paraffin,  furnishing  proof  of  that  action. 

Berlinerblau  considers  paraffin  as  ''highly  resistant  to  chemical 
influences''  and  that  it  can  be  attacked  only  by  strong  reagents  at 
high  temperatures.  Therefore,  in  spite  of  its  contraction,  crystalliza- 
tion, and  other  imperfections,  including  the  possibility  of  decompo- 
sition by  molds  or  bacteria,  and  in  spite  of  the  darkening  effect  and 
the  greasy  touch,  paraffin  is  at  present  the  only  substance  that 
approaches  in  any  considerable  degree  the  conditions  necessary  for  a 
perfect  medium  for  the  preservation  of  organic  substances,  such  as 
teeth,  bones,  etc.  Still  this  substance  can  be  employed  successfully 
only  in  case  it  has  been  infiltrated  in  its  pure  and  uncombined  state 
at  a  sufficiently  high  temperature. 

Paraffin  has  been  infiltrated  into  shells  in  a  chloroform  solution, 
but  as  this,  according  to  Pawlowski  and  Filemonowicz,  means  only 
2.42  parts  of  paraffin  in  97.58  parts  of  chloroform,  the  amount  that 
reaches  the  interior  capillaries,  even  if  the  material  (owing  to  its  vis- 
cosity) should  penetrate  so  far,  which  is  more  than  doubtful,  would  be 
only  2.42  per  cent  paraffin  and  97.58  per  cent  air  space  after  the 
escape  of  the  chloroform.  The  slight  benefit  derived  from  so  small 
an  amount  infiltrated  is,  however,  increased  to  some  extent  by  rub- 
bing the  shells  and  crushing  the  crystals,  thus  forcing  them  into  the 
pores,  thus  forming  an  impervious  coating  on  the  outside  of  the 
shell.  Carbon  bisulphide  and  ligroin  give  better  results.  They 
absorb,  according  to  the  above-named  authors,  respectively,  13.16, 
and  10.76  per  cent.  Such  a  polishing  process  (without  chloroform) 
on  a  somewhat  thicker  layer  of  paraffin  on  fruit  jars  might  also 
solve  the  problem  of  excluding  the  air  in  the  case  of  preserving. 

An  advantage  not  to  be  underestimated  is  the  prevention  of  animal 
depredations  on  the  objects  treated.  Paraffin  is  not  absolutely  innoc- 
uous. Its  toxicity,  even  laetal,  has  been  proven  in  numerous  cases, 
and  if  the  poisonous  quality  is  due  to  chance  ingredients  in  paraflin. 
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which  can  not  be  regarded  as  a  chemical  entity,  the  fact  is  not  estab- 
lished. Kerosene,  which  differs  from  it  only  in  the  lower  boiling  point, 
is  a  recognized  household  insecticide.  The  fact  that  Ascarides  and 
Taenia  serrata  are  not  affected  by  it  does  not  disprove  its  poisonous 
qualities. 

Experiments  on  herbarium  specimens  show  an  increase  of  flexi- 
bility, obtained  by  soaking  in  paraffin.  The  specimens  are  less 
brittle,  will  stand  rougher  handling,  do  not  need  to  be  poisoned  and 
make  a  better  appearance,  although  they  lose  their  characteristic 
texture,  which  is  often  necessary  in  their  determination. 

WORKING  METHODS. 

The  methods  to  be  pursued  in  preserving  osteological  specimens 
necessarily  vary  according  to  their  size,  thickness,  and  purpose.  If 
the  object  is  merely  to  prevent  cracking  during  prolonged  overland 
transport,  as  in  the  case  of  tusks  in  Africa,  it  may  suffice  to  carefully 
pour  the  melted  paraffin  of  80*^  to  90*^  C.  into  the  open  end  of  the  tusk 
previously  heated.  In  employing  this  process  any  sudden  change  of 
temperature  should  be  avoided.  After  allowing  the  tusk  to  absorb 
the  paraffin  for  a  few  minutes,  the  surplus  material  should  be  poured 
off.  The  outside  of  the  tusk  may  then  be  treated  with  a  benzine  solu- 
tion of  paraffin,  which  should  be  well  rubbed  over  every  part  of  the 
surface,  using  as  much  as  the  same  will  absorb  while  exposed  to  the 
heat  of  the  sun.  If  this  has  been  well  attended  to,  there  is  not  much 
danger  of  longitudinal  cracking,  so  undesirable  in  ivory  intended  for 
miniature  painting,  although  it  must  be  remembered  at  the  same 
time  the  slow  desiccation  and  gradual  contraction  are  not  checked 
altogether  because  of  the  tendency  of  the  paraffin  to  liquify  more  or 
less  in  the  heat  of  the  sun  dining  the  day  and  to  recrystaUize  as  the 
temperature  declines.  This  method  will  prove  very  satisfactory  for 
tusks  intended  for  industrial  purposes,  as  it  is  undesirable  to  have 
the  paraffin  penetrate  deeply. 

If  the  purpose  in  view  is  permanent  preservation,  a  large  boiler  of 
a  sufficient  size  to  allow  the  object  to  be  immersed  completely  is  heated 
in  a  water  bath.  In  this  boiler  the  object  to  be  preserved  is  sus- 
pended by  a  wire  from  an  hour  or  two  for  small  skulls,  such  as  those 
of  rats  and  mice,  to  a  week  or  more  for  tusks  of  a  hippotamus.  The 
heat  in  the  experiments  here  described  was  turned  on  at  9  o'clock  in 
the  morning  and  turned  off  at  half  past  4  in  the  afternoon,  and  this 
alternation  of  heat  and  cold,  in  my  opinion,  proved  beneficial,  though 
at  present  I  am  not  prepared  to  prove  it. 

To  allow  bubbles  of  air  to  escape  from  cul-de-sac  hollows  in  the 
skulls,  they  were  frequently  shifted  to  different  positions.  When 
fully  saturated,  that  is,  when  after  long  observation  no  more  bub- 
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bles  are  found  breaking  above  the  object,  it  may  be  withdrawn  from 
the  paraffin  and  drained  in  various  positions  in  the  heat  immediately 
above  the  surface  of  the  paraffin.  If  too  much  paraffin  has  been 
removed,  a  rapid  dip  in  the  hot  liquid,  and  subsequent  draining  in  a 
hot  place,  or  a  rub,  will  quickly  restore  the  deficiency. 

Mj.  G.  S.  Mller,  in  experimenting  with  weathered  skulls,  found 
that  in  five  minutes — ^until  bubbling  ceased — ^the  specimen  had 
increased  one-fifth  in  added  substance  and  solidity  to  the  fragile 
specimen. 

NOTE. 

Having  after  the  lapse  of  18  months  reexamined  23  specimens 
treated  in  accordance  with  the  foregoing  method,  I  found: 

First,  that  the  tusks  and  some  of  the  skulls  were  seriously  disfig- 
ured by  dust,  but  that  a  soft  rag  moistened  with  benzine  restored  the 
original  color  absolutely,  a  treatment  that  could  only  act  beneficially 
to  the  specimens  inasmuch  as  any  chance  outlet  for  decomposition 
gases  is  closed  by  this  process. 

Second,  all  the  specimens  examined  were,  without  exception,  intact. 
Not  the  faintest  sign  of  disintegration  was  observable.  This  is  noth- 
ing more  than  was  to  be  expected.  Paraffin  from  its  veiy  name, 
parum  qffine,  denoting  its  chemical  stability,  neither  attacks  the 
calcium  salts  of  the  bone  proper,  nor  does  it  permit  its  oxidation  by 
the  air,  nor  that  of  the  animal  matter  still  inclosed.  Although  the 
inevitable  disorder  connected  with  the  transfer  of  specimens  from 
one  biulding  to  another  subjected  them  to  more  than  ordinary- 
vicissitudes,  there  was,  aside  from  dust,  no  damage  apparent. 

An  interesting  specimen  well  depicting  the  difference  between  a 
skull  treated  with  paraffiin  and  a  jaw  in  its  natural  state  is  that  of  a 
leopard  (Cat.  No.  162927,  U.S.N.M.),  which  was  found  on  the  ground 
in  a  considerably  weathered  condition.  Here  the  jaw,  with  its  count- 
less cracks  and  crevices,  worn  more  or  less  deep,  with  the  bone  sur- 
face here  and  there  chipped  off,  exposing  more  and  more  the  looser 
stratum  within,  and  particularly  the  ragged,  broken  teeth,  offers 
striking  testimony  in  favor  of  the  treatment. 

The  success  being  complete,  it  is  not  probable  that  an  increase  of 
the  number  of  test  specimens  would  have  materially  modified  the 
results,  especially  as  the  experiment  covered  practically  the  whole 
ground  of  variation  in  size,  condition,  and  age. 

Another  fact  deserving  attention  is  the  displacement  of  animal 
matter  and  fats  by  paraffin.  This  vitiates  the  material  infiltrated 
and  impairs  its  stability.  If  rhigoline,  petroleum  ether,  or  benzine 
were  used  as  a  preliminary  detergent,  this  waste  of  material  would 
be  obviated,  since  these  can  easily  be  distilled  off  from  their  impu- 
rities and  used  over  again. 
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